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CONCERNED HERE are three species of the Mediterranean and adjacent _ 
areas which have been accepted as members of the genus Lithospermum, 


 viz., L. apulum (L.) Vahl, L. microspermum Boiss., and L. callosum Vahl. 


These three plants share a distinctive type of nutlet, and despite their 
many differences appear to be more closely related to one another than 
to any of the other species referred to Lithospermum. A consideration 
of their characters gives reasons for treating them as three monotypic 
genera. 

The nutlets in our three species, as compared with those of true Litho- 


spermum, are rather small and have a thin pericarp. Above the small, _ 


obliquely basal attachment they have a ventral keel formed by the over- 


+ 


lapped margins of a closed ventral suture. In contrast the thick-walled, tt 


usually much larger and more broadly attached nutlets of Lithospermum 
have the ventral suture more or less obliterated. Its margins are tightly 
joined, commonly more or less confluent, and not well defined nor merely _ 


overlapping. Although our plants are not closely related to Megastoma, _ 


Sericostoma, and Echiochilon, the behavior of the ventral nutlet-suture in 
that group of interrelated genera is suggestive in interpreting that in our 
three species. In the genera mentioned the suture may be open nearly to 
the nutlet apex or be closed in varying degree by the overlapping of its 
margins. This variation is associated with the observable changes from 


a narrow elongate to a broad low gynobase and the accompanying shift 


from a distinctly lateral to a more and more basal nutlet-attachment. 


The suture in our three species, closed simply by the overlapping well- ag 


defined margins, gives every evidence of being the end product of a 
comparable series of changes in nutlet-attachment. In other words our 
three species probably had immediate ancestry with distinctly lateral rather 
than basal nutlet-attachment. In contrast, bony basifixed nutlets having 


the ventral suture obscured or obliterated by fusing and confluence of the 


seam-margins are present not only in true Lithospermum but also in a wide 
circle of obviously related genera, including such diverse plants as Onosma, 
Cerinthe, Echium, Alkanna, etc. This type of nutlet is a stabilized one and 
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characteristic of a large and obviously old group of genera. It is not one 
from which the nutlets of our three species could have been derived. The 
indications are, therefore, that our plants are not directly related to 
Lithospermum or its immediate relatives. , 

Although having nutlets of a similar basic type, the three species differ 
from one another in many significant details, and each of them has one or 
more unusual developments that separate it from all species of Lithosper- 
mum as well. There seem the best of reasons, hence, for giving each of 
them generic recognition. Their salient characters are revealed in the 
following synopsis. 


Moltkiopsis. Calyx circumscissile at the base. Corolla blue, evidently longer than 
the calyx, hairy outside, glabrous inside except for hairs on the swollen annular 
nectary low in the tube. Stamens affixed high in the corolla, two of them having 
shorter filaments and a slightly lower attachment than the other three, fila- 
ments much longer than the anthers. Pollen ellipsoid, 25-30 X 20-25 mu, in 
lateral profile with sides convex or nearly straight or with one of the sides 
obscurely angled, broadest at the middle; pores three, about the equator. Style 
elongate, more or less exserted; stigma obscurely bilobed. Nutlets smooth and 
shiny, somewhat asymmetric, straight. Plant a suffruticose perennial with 
pallid, pungently bristly foliage and white exfoliating bark on the older stems; 
cymes small. 


Mairetis. Calyx tubular, elongate. Corolla blue, very small, scarcely longer than 
the calyx, with a villulose band inside at the base of the tube but otherwise 
completely glabrous; nectary not developed. Stamens affixed at equal heights 
high in the corolla, filaments twice as long as the anthers. Pollen spherical, 
30-33 » in diameter, with usually eight equatorial pores. Style reaching up 
to the corolla-throat; stigma simple. Nutlets sparsely warted, nearly straight. 
Plant an annual herb with inconspicuously bracted cymes. 


Neatostema. Calyx divided. Corolla yellow, very small, the lobes minutely 
puberulent, throat with a continuous or broken band of hairs, inside of the 
tube villulose and bearing a ten-lobed, more or less hairy basal nectary. 
Stamens borne just above the nectary very low in the corolla; filaments much 
shorter than the anthers. Pollen ellipsoidal, 25-30 X 23-26 x, in lateral profile 
with sides slightly angled, broadest at the middle; pores eight, equatorial. 
Style very short, less than half the length of the corolla; stigma bilobed. 


Nutlets very coarsely warted, angulate, bent. Plant an annual herb with con- 
spicuously bracted cymes. 


Moltkiopsis, gen. nov. BoRAGINACEAE — LITHOSPERMEAE. 


Calyx 5-partitus subsessilis maturitate sub basim loborum circumscissus, 
lobis lanceolatis conniventibus. Corolla caerulea elongata anguste tubuloso- 
infundibularis extus villulosa intus (nectario excepto) glaberrima, lobis 
aequalibus adscendentibus oblongis vel ovatis apice rotundatis, fauce am- 
pliata nuda nullo modo appendiculata vel glandulifera, tubo elongato 
basim versus nectario annulato tumido non rariter sparse villuloso praedito. 
Stamina e fauce corollae breviter exserta fere ad apicem tubi corollae in- 
aequaliter inserta, filamentis inaequalibus, duobus antheris aequilongis 
altitudine sinus corollae attingentibus, tribus antheris sesquilongioribus alti- 
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tudine supra medium lobis corollae attingentibus, antheris oblongis medio- 
affixis aequalibus apice rotunda. Pollinia ellipsoidea medio poris 3 donata. 
Stylus filiformis tarde exsertus stamina evidenter vel vix superans. Stigma 
depresso-capitatum simplex vel obscure bilobatum. Nuculae saepe 2 vel 3 
laeves nitidae lanceo-ovoideae subasymmetricae apice acutae basi angus- 
tatae truncatae cicatrice plana parva transverse elliptica donatae dorso et 
latere rotundatae ventre angulatae. Carina ventralis nuculae margines sulci 
longitudinali clausi imbricata sed haud confluentes composita. Gynobasis 
depressa subplana. — Planta humilis perennis suffruticosa ramosa hirsuta. 
Caules plures erecti cortice albo vetustiore exfoliato obtecti. Folia pallida 
alterna. Cymae terminales abbreviatae bracteatae. Flores caerulei. — 
Nomen derivatur a Moltkia et dus, habitus, propter similitudinem cum 
genere Moltkia. 


Moltkiopsis ciliata (Forsk.) comb. nov. 


Lithospermum ciliatum Forsk. Fl. Aegypt.-Arab. 39 eles, C. Christensen, 
Dansk Bot. Ark. 4*: 14 (1922). 

Moltkia ciliata (Forsk.) Maire, Cat. Pl. Moroc. 4: 1102 (1941). 

Lithospermum angustifolium Fork Fl. Aegypt.-Arab. 39 (1775). 

Lithospermum callosum Vahl, Symb. Bot. 1: 14 (1790).—A renaming of 
L. angustifolium Forsk. 

Moltkia callosa (Vahl) Wettst. Oesterr. Bot. Zeit. 67: 368 (1918). 

Lithospermum callosum var. asperrimum Bornm. Mitt. Thiiringisch. Bot. 
Verein 6: 58 (1894). 


This desert plant, which ranges across northern Africa and east to Iran, 
has by some been treated as a member of Moltkia but by most botanists 
accepted as a species of Lithospermum. Its nutlets, as well as its triporate 
pollen and circumscissile calyx, distinguish it quickly from all members of 
both genera. Because of its fruticulose habit and elongate blue corollas its 
gross habit is most suggestive of Moltkia. Its corollas, however, differ from 
those of Moltkia in a number of important details. They are hairy rather 
than glabrous outside. They have a well-developed nectary in the tube. 
They bear stamens of two sizes, not at a single but at two levels in the 
throat. The stamen-attachment is of special interest. As in Alkanna, two 
of the five stamens have filaments shorter and attached slightly lower in 
the corolla-throat than the other three. Unlike Alkanna, however, the two 
shorter and lower stamens are not juxtaposed nor are they abaxial. They 
are separated by a long stamen and appear to represent the two adaxial 
lateral members of the androecium. They are not abaxial laterals as in 
Alkanna. The behavior of the calyx in Moltkiopsis is also unusual. As 
the fruit approaches complete maturity the calyx becomes circumscissile 
just above the base, its connivent lobes drop away, and the ripe nutlets 
are completely exposed. After the nutlets are shed all that remains of the 
flower on the old inflorescence is the knob-like base of the subsessile calyx 
and the flattened gynobasic surfaces on its truncate summit. This condi- 
tion is unique among the herbaceous Boraginaceae. 

Over most of its wide range the plant has blue subtubular corolias 
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10-15 mm. long. No evidence of cleistogamy has been detected. The only 
striking variation noted in the flower is that present among some, not 
all, plants collected in the region about the Persian Gulf. In these the 
corollas are very small (3-7 mm. long), the anthers are imperfectly devel- 
oped, and the style is very short (2.5—6 mm.). The cymes on such plants 
tend to be very slender, the flowers very crowded, and the bracts unusually 
small. Although they appear to have functional stigmas, no fruit has been 
found on plants producing the small crowded flowers described. The con- 
dition described may be the result of virus infection. Possibly also it 
might be an expression of gynodimorphism comparable to that known in 
Echium vulgare and Anchusa officinalis. In those species occasional indi- 
viduals produce not the normal hermaphrodite flowers, but only small 
functional female ones. Representatives of the small-flowered form of 
Moltkiopsis have been seen from Bushir, southern Persia, 1868, Hauss- 
knecht (Brit. Mus.), Bahrain Island, Fernandez 489 (Kew), and Kuwait, 
Dickson 224 (Kew). 


Mairetis, gen. nov. BorAGINACEAE — LITHOSPERMEAE. 


Calyx elongatus secus costas sparse hirsutus alibi sparse strigosus fere 
ad medium lobatus, sub anthesin subsessilis corolla paululo brevior tertiam 
partem inferioribus tubulosus, lobis erectis gracilibus donatus, in statu 
fructifero 4-5-plo accrescens breviter pedicellatus tubo quam lobis erectis 
cuneatis 1—-2-plo longiore donatus. Corolla minuta symmetrica extus glaber- 
rima, lobis caeruleis erectis vel adscendentibus longitudine corollae 6—7-plo 
brevioribus, fauce brevi glabra subcampanulata nullo modo appendiculata 
vel glandulifera, tubo elongato flavo intus basim versus villuloso alibi glabro. 
nectarium haud gerenti. Stamina in fauce corollae aequaliter affixa apice 
altitudine basim sinus corollae atiingentibus; filamentis aequalibus lineari- 
bus antheris duplo longioribus; antheris ellipticis vel oblongis apice mu- 
cronulatis infra medium affixis, thecis infra medium liberis et laeviter 
divergentibus. Pollinia globosa secus aequatorem poris saepe 8 donata. 
Stylus filiformis altitudinem staminum attingentibus in statu fructifero 
nuculis longioribus, stigmate capitato haud lobato abundanter papillato. 
Nuculae saepe 4 cinereae rosaceaeve sparse sed distincte verrucosae ovato- 
lanceolatae dorse latereque rotundae ventre obtusae carinatae (carina 
margines sulci longitudinali clausi imbricatas sed haud confluentes com- 
posita) basi angustatae cicatrice obliqua parva transverse elongata donatae. 
Gynobasis plana vel laeviter concava.— Planta annua herbacea erecta 
strigosa. Folia parva alterna. Cymae multibracteatae terminalis scor- 
poideae, maturitate elongatae secundae inconspicue bracteatae. Corolla 
minuta fauce et limbo caerulea, tubo flavo. — Nomen, derivatum a Maire 
et 7s, datum est in honorem cl. René Maire (1878-1939) optime de 
flora Africae septentrionalis praesertim Moroccae meritae. 


Mairetis microsperma (Boiss.), comb, nov. 


Lithospermum microspermum Boiss. Diag. s 3 
Ss. fide Sieh SS d 
Orient. 4: 218 (1875). eee 
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Lithospermum Webbii Coss. & Dur. Bull. Soc. Bot. France 22: 64 (1875), 
nomen; Ball, Jour. Linn. Soc. Bot. 16: 574 (1878), nomen in syn. 


A monotypic genus known only from Morocco and the Canary Islands. 
The plant is especially notable for its elongate tubular fruiting calyces. 
At anthesis the calyx is tubular for about a third of its length. At maturity 
it is greatly accrescent, several times longer than broad and tubular for a 
half to two-thirds its length. The nutlets, hence, are matured at the bot- 
tom of a deep investing calyx-tube. Among some anchusoid borages calyx- 
tubes are well developed. It is, however, a condition rare among other 
herbaceous borages and is entirely unknown in Lithospermum or any of 
the closely related genera. The stigma is also unusual. It is capitate and 
terminal and unlike the stigmas usually developed in the Lithospermeae 
is not only simple but shows no suggestion of lobing. 

Although very distinct, Mairetis seems to have its closest relationship 
with Neatostema and Moltkiopsis. As to annual habit and roughened nut- 
lets it is most like Neatostema. Its corolla, because of its color, elongate 
form, long filaments, and elevated stamen-attachment, is suggestive of that 
of Moltkiopsis, although very different in size. The tiny corolla, scarcely 
longer than the calyx, is completely glabrous except for hairs low inside 
the tube on the site of the undeveloped nectary. The stamens are affixed 
at equal height low in the small corolla-throat and have filaments of equal 
length. The position of the stamen-attachments is usually marked by 
small depressions on the outer surface of the corolla. 


Neatostema, gen. nov. BORAGINACEAE — LITHOSPERMEAE. 
Lithospermum § Oxyspermum Visiani, Fl. Dalmatica 2: 246 (1847). 


Calyx 5-fidus, maturitate accrescens, lobis calycis fructiferi conniventi- 
bus conspicue costatis. Corolla anguste infundibuliformis symmetrica extus 
villulosa, lobis adscendentibus vel patentibus ovato-oblongis apice rotundis 
utrinque minutissime abundanterque glanduloso-puberulentis, fauce nullo 
modo appendiculato vel glandulifero pilis in annulo circumferentialiter 
angusteque dispositis vel in locis 5 congestis praedito, tubo intus villuloso 
supra basim nectarium 10-lobatum villulosum gerenti. Stamina 5 basim 
versus tubi corollae paulo supra nectarium aequaliter affixa; filamentis 
perbrevibus antheris 4-plo brevioribus, antheris parvis oblongis utroque 
obtusis rotundisve vel rare basi retusis infra medium affixis. Pollinia ellip- 
soidea medio poris 8 donata. Stylus brevissimus antheras haud superans 
maturitate nuculis duplo brevior, stigmate terminali bilobato lobis sub- 
globosis. Nuculae saepe 4 brunneae angulatae evidenter verrucosae paulum 
curvatae utroque angustatae basi cicatrice parva obliqua donatae dorse 
convexae saepe verruculis longitudinaliter 4-serratis ornatae ventre ob- 
tusae. Carina ventralis nuculae margines sulci longitudinali clausi im- 
bricatas sed haud confluentes composita. Gynobasis fere plana perdepresse 
pyramidali.— Herba annua hispida erecta humilis. Folia parva alterna. 
Flores parvi flavi in cymas terminales densas foliaceo-bracteatas mox 


6 JOURNAL OF THE ARNOLD ARBORETUM _ [VOoL. XxxXIVv 


elongatas scorpioideas dispositi. — Nomen derivatur a vearos, infimus, et 
ora, Stamen, quod stamina basim versus corollae affixa sunt. 


Neatostema apulum (L.), comb. nov. 

Myosotis apula L. Sp. Pl. 1: 131 CYS): ' 

Lithospermum apulum (L.) Vahl, Symb. Bot. 2: 33 (1791); Stroh, Beih. Bot. 
Centralb. 58°: 204 (1938). 

Rhytispermum apulum (L.) Reichenb. Icon. Fl. Germ. 18: 67, t. 1313, f. 8-14 
(1858). 

Dithospermum apulum £. cleistogamum Murbeck [Contr. Fl. Moroc. 2:] Lunds 
Univ. Arsskrif. n. f. Avd. 2, 19(1): 23 (1923). 


A well-known plant widely distributed about the Mediterranean and 
eastward to Mesopotamia. It also occurs on the Canary Islands, Its 
corollas are distinctive. The stamens, on very abbreviated filaments, are 
borne just above the basal nectary in the tube and hence extremely low 
in the corolla. The corolla-throat has no intruding appendages but does 
have five small densely villous spots, or the latter more or less united to 
form a narrow villose band. The corolla-lobes on both surfaces are micro- 
scopically glanduliferous and velvety-puberulent. The tube is hairy on 
the inner as well as outer surface. The style is extremely short and at 
maturity is greatly overtopped by the nutlets. The nectary is very well 
developed and consists of ten projecting somewhat villulose closely juxta- 
posed quadrate lobes. 

The nutlets are coarsely roughened and angulate. One of their distinc- 
tive features is the development of two adjacent paralleling lines of warts 
down the middle of the dorsum. The body of the nutlet is somewhat bent 
and the attachment appears to be oblique and suprabasal. Dissection 
shows, however, that inside the nutlet the tip of the cotyledons is directly 
above the attachment-surface. Whatever the appearance, the attachment 
is morphologically basal. As in Mairetis, the gynobase of Neatostema is 
flat or slightly higher in the middle and hence very depressed pyramidal. 
At extreme maturity, as a result of shrinkage of tissue, the gynobase may 
actually become lowest at the center. 

Another rather unusual feature of Neatostema is the frequent develop- 
ment of cleistogamic flowers. Such flowers have tiny obconic corollas 
which eventually fall off unopened. Their calyx and fruit, as well as the 
cymes in which they are borne, are normal in appearance. Cleistogamy 
is known among a few American species of Lithospermum but has not been 
reported in the Old World species of the genus nor in related genera. 

The expanded pollen grains of this genus are not unlike those of various 
species of Lithospermum and related genera, but the behavior of the dry 
grains as they expand in lactic acid is very different. In lactic acid the 
grains first become cylindric and because of their low-convex polar ends 
are almost oblong in lateral profile. Their most distinctive feature at this 
stage, however, is a localized strong deep narrow constriction halfway 
between the poles. In this well-marked deep equatorial groove the pores 
appear as eight sac-like depressions. These features all disappear as the 
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grains swell to full size. The expanded grain is ellipsoidal, broadest at 
the equator, and in lateral profile with the sides slightly angulate. 


B. SUPPLEMENTARY NOTES ON LITHOSPERMUM 


Durinc the past summer I had the opportunity of visiting Kew, London, 
and Paris, and examining the representation of Lithospermum in the large 
herbaria there. Through the courtesy of the curators, critical specimens of 
the genus which I selected were subsequently loaned me for close study 
at the Arnold Arboretum in conjunction with other critical specimens 
kindly sent at my request from Vienna. While preparing my recent paper 
on Lithospermum, Journal Arnold Arboretum 33: 299-366 (1952), I had 
no material available of two Afghan species, Arnebia inconspicua Hemsl. 
& Lace and A. speciosa Aitch. & Hemsl., nor was I aware that Dr. 
Rechinger had just published several closely related species also from 
Afghanistan. Material from the sources previously mentioned now makes 
it possible to describe and discuss these plants. Having seen more speci- 
mens, it is also possible to modify and extend my previous descriptions of 
a few other Asiatic species. Unhappily, a change of name for one of the 
most widely known species in the genus must also be recorded. 


Lithospermum cyrousianum (Parsa), comb. nov. 


Arnebia cyrousiana Parsa, Kew Bull. 1948: 211 (1948). 
Arnebia echioides (L.) DC. Prodr. 10: 96 (1846). 
Lithospermum Tournefortii Johnston, Jour. Arnold Arb. 33: 336 (1952). 


The type of Arnebia cyrousiana, in the Kew Herbarium, has been 
studied. Its corollas have been dissected and its pollen examined. The 
specimen has all the characters of the plant well known to gardeners as 
Arnebia echioides, and at most is only a minor phase of the same species. 
The single plant mounted on the type-sheet has long-styled flowers, but 
both short- and long-styled corollas are represented in the pocket asso- 
ciated with it. Of all the synonyms of Arnebia echioides only Parsa’s 
binomial has a specific epithet that can be used when the species is trans- 
ferred to the genus Lithospermum. The binomial Lithospermum cyrousia- 
num must replace Lithospermum Tournefortti, the name recently proposed 
by me when I was unaware of the identity of Parsa’s species. 


Lithospermum fimbriopetalum (Stocks) Johnston, Jour. Arnold Arb. 
3327326 (1952). 
Arnebia fimbriopetala Stocks in Hooker, Jour. Bot. & Kew Miscl. 3: 180, 
t. 6 (1851). 


Arnebia Bungei Boiss. Fl. Orient 4: 215 (1875). 
Lithospermum Bungei (Boiss.) Johnston, Jour. Arnold Arb. 33: 326 (1952). 


Annual herb 5-15 (—40) cm. tall, sparingly branched. Leaves thickish, 
sparsely hairy or glabrous on the lower surface. Flowers heterostylic. 
Corolla yellow, 25-30 mm. long; limb 10-20 mm. broad, the lobes broad, 
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rounded, margins distinctly lobulate or lacerate; throat bearing no glands 
nor appendages; tube slender, 20-24 mm. long, surpassing the calyx 
5-8 mm., above the base inside bearing a membranous more or less hairy 
collar-like nectary 0.5-1 mm. high. Style slender, forked at apex, lobes 
0.5 mm. long. Stigmas 2, compressed, as broad as long, obscurely bilobed. 
Long-styled flowers with corolla-tube cylindric, abruptly enlarging in diam- 
eter 6-8 mm. below the summit; anthers 2-2.3 mm. long, borne low in 
the upper third of the corolla-tube; pollen moderately constricted at the 
middle, 42-50 < 28--33 ; style almost as long as the corolla-tube. Short- 
styled flowers with the tube gradually ampliate; anthers 2—2.3 mm. long, 
borne at summit of tube with their upper third exserted into the throat; 
pollen with sides straight and parallel or slightly concave, 46-56 x 
33-41 »; style two thirds as long as the corolla-tube. Calyx 15-17 mm. 
long at anthesis (with linear lobes), becoming very strongly accrescent 
(with lanceolate or ligulate lobes) in fruit, at maturity 25-30 mm. long 
with the major lobes 3-5 mm. broad near the base, glabrescent with the 
midrib and a few veins becoming evident, at times with papillate excres- 
cences un the midrib of the lobes near the base. Nutlets olivaceous or 
rubiginous, tuberculate, 3-3.5 mm. long, 3 mm. broad at the base, beaked 
above the middle, lower half of dorsum swollen on either side of a broad 
medial depression, upper half with a low rounded medial keel, venter 
angulate, aitachment-surface broadly triangular, basal. Gynobase very 
depressed. 


BALUCHISTAN: Upper Baluchistan, Stocks 977 (Kew, TYPE of A. 
fimbriopetala) ; Gival, 5—6000 ft., 6/5, A. V. Monro ex Duthie (Kew). 
PERSIA: 20 mi. from Isphan on Shiraz road, 6000 ft., open hills, Apr. 1944, 


A. C. Trott 906 (Kew); pr. Sser-tschah, March 12, 1859, A. Bunge (G, 1soTYPE 
of A. Bunge). 


A careful study and comparison of the above cited collections has shown 
conclusively that Arnebia fimbriopetala and A. Bungei are conspecific. The 
species is most closely related to Lithospermum detonsum of northern 
Persia and Transcaucasia, agreeing with that more northern and western 
plant in habit of growth, in large, much accrescent calyces, and in size, 
form, and markings of nutlets. It differs sharply from L. detonsum in sev- 
eral respects. Unlike that species its flowers are decidedly heterostylic. 
Furthermore, its corollas are not merely larger but also have a more elon- 
gate tube, conspicuously longer than the calyx, and lobes that are not entire 
but evidently lobulate or lacerate-fimbriate on the margin. 


Lithospermum Szechenyi (Kanitz) Johnston, Jour. Arnold Arb. 33: 
330 (1952). 


My previous description of this species was based on a collection with 
short-styled flowers from Hsuin Hwa, Kansu (R. C. Ching 731), supple- 
mented by the original description (of a long-styled plant) given by 
Kanitz. Additional information concerning this species of western China 
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is now available through the study of three collections made by Father 
Licent. These were obtained at Ta-la-chi, Kansu (ca. 150 km. n. e. of 
Lanchow), no. 4017, and at Sain-Nor, at the base of the Scharanarin-ula 
[Khara-narin ula] northwest of the Ordos in southern Inner Mongolia. 
almost 600 km. north-northeast of Lanchow, nos. 13612 and 13621. The 
first collection, at the British Museum, contains both long- and short- 
styled flowers. Of the two other collections, both at Paris, Licent 13612 
is a short-styled plant with fruit; Licent 13621 is the long-styled plant. 
These collections of Licent are less robust plants than those previously 
described, having noticeably more slender stems and narrower leaves. Their 
stems, 2.5 mm. thick at the base, are 2-4 dm. long and may become de- 
cumbent. The largest middle cauline leaves are 2—2.5 cm. long and only 
5 mm. broad. The bracts in the cymes are elongate, foliaceous, and broader 
than the calyx-lobes. The corollas are 16-19 mm. long and retain evi- 
dences of having been yellow and provided with evanescent dark spots. 
The corolla-tube is 11-14 mm. long. There are no glands on the inner 
surface of the throat as reported previously. The style is not forked at 
the apex. Its two stigmas are terminal and juxtaposed. In the short-styled 
flowers the corolla-tube is gradually ampliate, the anthers (3 mm. long) 
are borne at the summit of the tube and partially exserted into the throat. 
the pollen (39-43 « 25-26) is barrel-shaped, having rounded ends and 
sides that are parallel or only very slightly concave; the style reaches up 
to the middle of the corolla-tube. In long-styled flowers the cylindric 
corolla-tube has a slight but distinct increase in diameter just above the 
middle, the anthers (1.3-2 mm. long) are borne at the middle of the 
corolla-tube, the pollen (30-33 16-20.) is evidently constricted at the 
middle, and the style reaches up into the corolla-throat. The mature nut- 
lets, 2.5 mm. long and 1.5 mm. broad, are weakly constricted just above 
the base and are abundantly tuberculate. Some of the wart-like roughen- 
ings are rounded but others bear a minute point or short stout hair and 
can almost be described as muricate. The attachment surface of the nutlet 
is broad, flat, and obliquely basal. The venter of the nutlets is angulate. 
The dorsum is rounded and obscurely keeled only towards the apex. 


Lithospermum Hancockianum Oliver in Hooker, Icones 25: t. 2457 
(1895); Johnston, Jour. Arnold Arb. 33: 354 (1952). 


Among some duplicates recently received from Paris are six hitherto 
unstudied collections of this remarkable species from eastern Yunnan. 
They provide more numerous and better corollas for dissection than were 
previously available to me. I am, accordingly, able to correct and emend 
my previous description of the plant. The species appears to have weakly 
dimorphic flowers. The ten collections at hand sort into two types. One 
has the style evidently exserted from the corolla-tube, usually 3-5 mm., 
and the other has the style equaling the tube in length or 1-2 mm. shorter. 
In both types the anthers (1.5-1.7 mm. long) are borne at the summit 
of the corolla-tube. Those in the long-styled flowers tend to have their tips 
reaching only to the summit of the corolla-tube, while those in short-styled 
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flowers tend to have the upper third of their length projecting above it. 
All the flowers on a given plant appear to belong to one or the other of 
these two types. There is no accompanying difference in pollen. Minute 
stipitate glands are abundant on the corolla-tube behind the anthers, in 
a band extending 1 mm. below to 1 mm. above the filament-attachments. 
They occur sparingly in the tube as far down as 5 mm. below its summit. 
The filaments are broadly affixed, attenuate, and laterally compressed and 
accordingly unguiculate. The style is perceptibly forked at the extreme 
apex, and its two oblong stigmas may become divergent. The glabrous 
nectary in the tube is not continuous but made up of ten projecting, closely 
juxtaposed quadrate lobes. The nutlets are white, smooth, sparingly pitted, 
stout pointed ovoid, 2.5-3 mm. long and 2 mm. thick. They have a lineate 
constriction just above the broad obliquely basal attachment-surface. The 
dorsum is convex and is keeled only near the apex. The venter is angulate 
and evidently keeled. The gynobase is depressed pyramidal. 


Lithospermum Lindbergianum (Rech. f.), comb. nov. 
Macrotomia Lindbergiana Rech. f. Ann, Naturhist. Mus. Wien 58: 58 (1951). 


Plant perennial, with a stout taproot crowned by a small caudex; 
branches of caudex short, stout, clothed with persistent leaf-bases. Indu- 
mentum cinereous, composed of numerous very slender, usually spreading 
bristles Z-5 mm. long and an abundance of very minute, frequently re- 
trorse hairs 0.2—0.5 mm. long. Flowering stems 4—6 cm. long, erect, slender, 
simple, 1-2 mm. thick at the base, arising from the center of a cluster of 
functional leaves, terminated by the inflorescence. Leaves with an evident 
midrib, veinless; basal ones linear-oblanceolate, becoming 4 cm. long, 2-3 
mm. broad below the acute apex; cauline leaves few, attenuate, gradually 
reduced up the stem, uppermost 2—3 cm. long, 1.5—2 mm. broad near the 
middle. Inflorescence a dense capitate terminal cluster ca. 4 cm. in diam- 
eter, comose from an abundance of slender protruding sepals; bracts shorter 
than the calyx. Calyx at anthesis 23-24 mm. long, hispid; lobes linear- 
attenuate and more or less flexuous, 21-22 mm. long, 0.8 mm. broad at the 
base, surpassing the corolla 2-4 mm. Calyx in fruiting state 30 mm. long, 
inside below the middle densely appressed white villose. Flower heterostyled 
with only the short-styled form known. Corolla 19-21 mm. long, slender and 
elongate, abundantly pubescent outside, inside glabrous except on the nec- 
tary; tube 16-17 mm. long, ca. 1.5 mm. thick for most of its length, upper 
3 mm. of length swollen (and staminiferous) and 2—2.5 mm. thick, slightly 
constricted at the very summit, inside just above the base bearing a distinct 
membranous collar-like nectary 0.3-0.4 mm. high which is sparsely vil- 
lulose on the inner face; throat funnelform, short, 2--3 mm. long, spar- 
ingly glanduliferous inside; limb ca. 4 mm. broad, composed of ascending 
triangular-ovate lobes ca. 1.7 mm. wide and 2 mm. long. Anthers 2.5 mm 
long, borne just below the summit of the corolla-tube. Pollen 33-35 XK 
25-26 p, in lateral profile with the sides parallel or practically so. Style 
11-12 mm. long, reaching up to slightly above the middle of the corolla- 
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tube, forked at the summit, the lobes 0.8—-1 mm. long; stigmas 2, unequal, 
spathulate. Nutlets (only sub-mature ones seen) erect, lanceolate, 3.5 mm. 
long, 2.5 mm. broad below the middle, surface dull, densely and very 
minutely papillate, venter with prominent keel, dorsum with an obscure 
partial keel and probably irregularly tuberculate when completely mature, 
attachment broad and obliquely basal. Gynobase depressed pyramidal. 


AFGHANISTAN: Bamian, Ajdaha, May 24, 1947, K. Lindberg s.n. (TvpE,* 
Vienna). 


This very distinct species is known only from a single collection ob- 
tained in the mountains about 100 km: northwest of Kabul, Afghanistan. 
Judging from the totality of its characters the plant is evidently a mem- 
ber of the group of species containing L. Benthami, L. superbum, L. nobile 
and L. euchromon. It comes from the same floristic area and has very 
similar elongate corollas with purpurescent limb. It differs from all these 
relatives in the small size of the plant and in having a well-developed 
collar-like nectary low in the corolla-tube. The nectary is especially note- 
worthy. In the related species mentioned the corolla-tube bears no nectary 
nor any rudiment of one such as tufts of hairs nor discolored or slightly 
swollen tissue. Those authors who have assigned such species to the 
segregate genus Macrotomia have usually laid great stress on the absence 
of a nectary. Though the present species in all other technical characters, 
as well as in general appearance, gives every evidence of close affinity with 
the species mentioned, it would be divorced from them in any classifica- 
tion in which the presence or absence of a nectary is made arbitrarily into 
a crucial character. We have here, in fact, further evidence that Macro- 
tomia is neither a natural nor useful segregate; cf. Jour. Arnold Arb. 33: 
$13. (1952). 

The present species agrees with its obvious relatives not only in the form 
of the corolla but also in the type of coloration. The corollas found on 
herbarium specimens of these species show no evidence of decided orange 
or yellow coloration so common in other groups of the genus. In drying 
they tend to become brownish, pinkish, or whitish, but in most inflores- 
cences some are to be found having purple or purplish lobes and throat. 
The indications are that the corollas of this group of species have striking 
color-changes associated with the state of maturity. A collector of L. nobile 
reports the corollas as at first dark brown but later yellow. Aitchison, 
Jour. Linn. Soc. 18: 19 (1880), states that L. euchromon is “remarkable 
for its flowers varying from greenish yellow to deep purple-black.” Al- 
though collectors of L. inconspicuum report the corollas as creamy or pale 
yellow, some of the corollas on their dried specimens have decidedly purple 


or purplish throat and limb. 
The five species most closely related to L. Lindbergianum are distin- 


guished from it in the following key: 


Inflorescence globose or broader than long; leaves with midrib only. 
Corolla with a well-developed collar-like nectary in the tube; stems less than 
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1 dm. tall, arising from the center of a leaf-cluster; leaves narrow, 2-3 mm. 
broad: calyx linear-attenuate as much as 0.8 mm. wideraty basen: a aaa 
Lithospermum Lindbergianum. 


Corolla without a nectary in the tube. 

Plant gray or silvery, the herbage not glanduliferous; calyx-lobes subulate- 
linear, 1 mm. wide at base; corolla with stipitate glands in the throat; 
stems less than 1.5 dm, tall, arising from the center of a basal leaf- 
cluster; leaves less than 5 mm. broad .. . . Lithospermum incons picuum. 

Plant green or somewhat tawny, the herbage usually glanduliferous ; 
calyx-lobes lanceolate, 1-3 mm. broad; corolla without glands in throat; 
stems to 4 dm. tall, arising lateral to the basal cluster of leaves; leaves 
usually: 5-10 mim. bread.) 9.22.5 uae Lithospermum euchromon. 

Inflorescence elongate, a cylindrical thyrse evidently much longer than broad; 
lower leaves with 3—5 evident longitudinal ribs. 
Thyrse continuous, with numerous exserted bracts; calyx-lobes very slender 
and (flexuous aos 3) een ee ee eee eee Lithospermum Benthami. 
Thyrse interrupted, only the lowermost bracts protrudent; calyx-lobes stiff. 

Basal leaves hispid; corolla hairy outside, not glanduliferous ......... : 
Seeger, «art ac ARE Me tant Seed ea Lithospermum speciosum. 

Rasal leaves strigose; corolla glanduliferous but usually otherwise glabrous 

ete oo... ese... .Lithospermum nobile. 


Lithospermum inconspicuum (Hemsl. & Lace), comb. nov. 


Arnebia inconspicua Hemsl. & Lace, Jour. Linn. Soc. 28: 326 (1891). 
Arnebia argyrea Rech. f. Ann. Naturhist. Mus. Wien 58: 59 (1951). 


Piant with herbage and stems pale and somewhat silvery from a dense 
mostly appressed indument composed of abundant pallid hairs of two 
sizes, coarse hairs 1-2 mm. long and minute very slender hairs 0.2—-0.5 mm. 
long; perennial with a rather dense caudex formed of crowded branches 
ensheathed by old leaf-bases. Leaves firm, oblanceolate, 1-5 cm. long, 
2-5 mm. broad, with evident midrib but no veins. Stems arising from 
the center of a leaf-rosette, usually 3-15 cm. long, 1-3 mm. thick at the 
base, simple, terminated by the capitate inflorescence, rarely much reduced 
in length and bearing the inflorescence in the center of the leaf-rosette. 
Middle and upper stem-leaves not numerous, not conspicuously smaller 
than the basal leaves. Cymes congested into a dense terminal capitate 
cluster 1.5-3.5 cm. in diameter at anthesis. Inflorescence lacking con- 
spicuous bracts but frequently with some of the uppermost stem-leaves 
crowded at its base, rarely developing a small secondary cluster of cymes 
in leaf-axils below the major terminal cluster. Calyx 12-17 mm. long; 
lobes subulate-linear, 10-16 mm. long, ca. 1 mm. broad at the oe 
reaching up to the throat of the corolla. Flowers heterostvlic. Corolla 
narrow and elongate, 12-19 mm. long, surpassing the calyx 2-3 mm. 
whitish or yellow, frequently somewhat purpurescent in drying, outside 
evidently appressed hairy, inside glabrous or with scattered Waite on the 
corolla-iobes; limb ascending, 2.54.5 mm. broad; tube-nectary not de- 
veloped; throat short, ca. 2 mm. long, funnelform; lobes ascending, acute 
ovate-triangular, 1-2 mm. long; throat somewhat olanduliferdus at least 
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in the short-styled flowers; tube 9-14 mm. long, in long-styled flowers 
cylindric 12-14.5 mm. long and 2 mm. thick, in short-styled flowers 1— 
1.5 mm, thick below the middle and above very gradually broadening 
into the throat. Anthers 2 mm. long, borne on very short filaments either 
above the middle of the corolla-tube or in the corolla-throat. Pollen of 
short-styled flowers 40-43 24-28 u, in lateral profile with sides straight 
and parallel or at most only slightly concave. Style evidently forked 
_ (branches slightly unequal), reaching to slightly above middle of corolla- 
tube or into the corolla-throat, short styles ca. 7 mm. long with lobes 1 mm. 
long, long styles ca. 15 mm. long with lobes 2-3 mm. long. Stigmas 2, 
distinct, compressed, nearly as broad as long. Fruiting state of plant and 
its fruit unknown. 


BALUCHISTAN: Zahru, Stocks 866 in pt. (Kew); without locality, 1891-94, 
C. F. Elliott (Kew). 

AFGHANISTAN: Kabul, Gul Tara, fl. creamy white to yellow, Neubauer 364 
(Vienna); Cabul, H. Collett 18 (Kew); Nozi, fl. pale yellow, 10000 ft., W. Koelz 
12015 (Vienna, TYPE of A. argyrea); Obeh, 1600 m., M. Kéie 4403 (Vienna) - 
Tscharikar, Top Tara, Neubauer 610 (Vienna): Jagdalek, fl. pale yellow, 7000 ft., 
Koelz 11485 (Vienna). 


A very distinct and readily recognizable species notable for its rather 
silvery indument and dense capitate inflorescence. Evidently a member of 
the same group of species as L. Benthami and L. euchromon, although not 
obviously related to any particular member of it. In technical characters 
it departs from all its allies in having stiputate glands on the inner surfaces 
of the corolla-throat. 


Lithospermum speciosum (Aitch. & Hemsl.), comb. nov. 


Arnebia speciosa Aitch. & Hemsl. Proc. Linn. Soc. 18: 81 (1880) and 19: 179, 
t. 24 (1882). 


Plant perennial, coarse, very bristly. Stems simple, erect, becoming 
4 dm. (6 dm. fide Aitch. & Hemsl.) tall and 8 mm. thick at the base, 
arising from the center of the basal leaf-cluster, hispid, its bristles 2-4 mm. 
long and towards the base of the stem retrorsely deflexed but elsewhere 
widely spreading. Leaves firm, those below the middle of the stem with 
three strong longitudinal ribs, hispid, the hairs 1-2 (-3) mm. long, slender, 
stiff, spreading to ascending and sometimes retrorse, those on the upper 
leaf-surface arising from minute discoid bases. Basal leaves to 10 cm. 
(15-25 cm. fide Aitch. & Hemsl.) long, narrowed above the broad sheathing 
dye-stained base, broadest (7-10 mm.) above the middle and then gradually 
narrowed to the acute apex. Cauline leaves gradually reduced up the stem, 
the middle ones lanceolate, 5—7 cm. long, 5-8 mm. broad near the base. In- 
florescence an elongate interrupted cylindrical thyrse, 15-25 cm. long, 5—7 
cm. thick, composed of a small terminal cyme and 10-15 slightly larger 
short-pedunculate cymes borne in the leaf-axils along the upper half of the 
stem. Cymes densely flowered, at first glomerate and 3-5 cm. broad, but 
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in age tending to elongate and become evidently scorpivid (and eventually 
perhaps 4—7 cm. long); bracts shorter than the adjacent calyces; subtend- 
ing leaves surpassing only the lower cymes. Calyx hispid, 17-18 mm. long 
at anthesis, 21 mm. long in fruit, if bearing stipitate glands these very few 
and inconspicuous; lobes ca. 15 mm. long, 1.5—2 mm. broad near the base, 
reaching up to the tip of the corolla-lobes or surpassing them 1-2 mm. 
Flowers heterostylic, but only the short-styled form seen. Corolla 16-17 
mm. long (20-24 mm. fide Aitch. & Hemsl.), elongate, outside evidently 
hairy, especially on the lobes, bearing few if any stipitate glands, inside 
glabrous and devoid of basal nectary; tube 13 mm. long, 1.2 mm. thick at 
the middle, above gradually ampliate and becoming 3 mm. thick at the 
summit; throat short and broad; limb about 7 mm. broad, lobes ascending, 
2.5 mm. broad and 2 mm. long, apex rounded. Anthers 2 mm. long, borne 
at the summit of the tube and partly exserted into the throat. Pollen (poor 
condition) 39-42 23-28 p, sides evidently concave, pores 6 at each end. 
Style 5 mm. long, reaching up to the middle of the corolla-tube, obscurely 
forked at the apex, lobes ca. 0.3 mm. long. Stigmas 2, compressed, broader 
than long. Nutlets gray or brown, erect, 4-5 mm. long, attached obliquely 
by the broad base to a low-pyramidal gynobase, with a narrow very prom- 
inent ventral keel, apex truncate and sometimes toothed, back 2-3 mm. 
broad below the middle, then narrowed to the laterally compressed apex, 
usually with evident longitudinal ridges paralleling the dorsal keel, surface 
minutely tuberculate and irregularly verrucose. 


PAKISTAN: hill behind Kaiwas, Kurrum Valley, 9-12000 ft., open grassy 
spots, July 3, 1879, Aitchison 720 (TYPE, Kew). 


I know this species only from the type specimen which is described 
above. The plant is related to L. Benthami of the Himalayas of north- 
western India and Kashmir and to L. nobile of the high transverse ranges of 
eastern Afghanistan. It seems to be more like L. Benthami, with which it 
agrees in nutlets and pollen. It differs, however, in being clothed in stiffer, 
more spreading hairs and in having broader, stiffer, non-flexuous calyx- 
lobes and a not continuous but distinctly interrupted thyrse with not 
numerous but few if any salient bracts. From L. nobile it differs in the 
form of nutlets, smaller pollen, lack of evident stipitate glands, hairy outer 
corolla-surfaces, hispid rather than neatly strigose basal leaves, and per- 
haps more rounded tips of the corolla-lobes. The color of the corolla is not 
reported by the collector. As with specimens of L. nobile, however, some 


of the non-faded younger corollas on the type-specimen have distinctly 
purple lobes and throat. 


Lithospermum nobile (Rech. f.), comb. nov. 
Arnebia nobilis Rech. f. Ann. Naturhist. Mus. Wien 58: 58 (1951). 


Plant coarse, perennial. Stems erect, 2-5 dm. tall, as much as 8 mm. 
thick at the base, arising from the center of a basal cluster of leaves, below 
the middle usually antrorsely strigose, above the middle usually with some 
spreading hairs and commonly glanduliferous. Basal leaves firm, 8-23 cm. 
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long, with 3—5 longitudinal ribs, narrowed just above the broad sheathing 
dye-stained base, broadest (3-22 mm.) above the middle, apex slenderly 
acute, indument of short strongly appressed pallid hairs, hence neatly 
strigose. Cauline leaves gradually smaller up the stem, middle ones 
broadest at the base, 2-8 mm. wide, attenuate, usually clothed with ap- 
pressed hairs and frequently ciliate on the margins. Inflorescence an 
elongate interrupted thyrse, cylindric, 5-12 cm. broad, at least several 
times as long as broad, composed of a small terminal cyme and numerous 
short-pedunculate lateral cymes arising from the leaf-axils along the upper 
half of the main stem and occasionally even down to near its base. 
Cymes densely flowered, at first glomerate and 2-3 cm. in diameter, even- 
tually elongating, becoming scorpioid and 5-15 cm. long in fruit, hispid and 
glanduliferous; bracts shorter than the adjacent calyces; upper stem-leaves 
soon surpassed by the subtended cymes, only the lower ones protruding 
from the thyrse. Calyx hispid, frequently somewhat tawny, bearing 
scattered minute stipitate glands, 15-18 (—20) mm. long at anthesis, be- 
coming as much as 25 mm. long in fruit; lobes 1-2 mm. broad, acute, in 
long-styled flowers 1-6 mm. shorter than the corolla, in short-styled flowers 
equaling the corolla or surpassing it 1-2 mm. Flowers heterostylic. 
Corolla elongate, 16-20 (—27) mm. long, outer surface usually bearing 
scattered stipitate glands but otherwise usually glabrous, inside glabrous, 
without basal nectary in the tube; corolla-tube 12-15 (—20) mm. long, 
1—1.5 (—2) mm. thick below the middle, in short-styled flowers gradually 
ampliate above the middle and becoming 2.5—3 mm. thick at the summit, 
in long-styled flowers with upper 5 mm. cylindric and 2.5-3 mm. thick; 
throat short, abruptly enlarged and rounded, inside without gland or 
appendages; limb 5-7 (—10) mm. broad, lobes usually more or less 
triangular and commonly 2.5 mm. broad and 2—2.5 mm. long, ascending, 
the margins and tip of the lobes somewhat recurved. Anthers 2.3-2.5 
(—3) mm. long; in short-styled flowers borne high in the tube (with their 
bases ca. 1 mm. below its summit) and protruding up into the corolla- 
throat; in long-styled flowers borne low in the upper cylindric section of 
the corolla-tube, their bases 5 mm. below the summit of the tube. Pollen 
with 6 pores at each end of the grain, in short-styled flowers subcylindric 
with rounded ends, in lateral profile with sides parallel or only very slightly 
concave, 49 < 33-35 »; in long-styled flowers evidently constricted at the 
middle, 33-38 18-23 ». Style reaching up to slightly above the middle 
of the corolla-tube or to the summit of the tube or even into the base of 
the corolla-throat, forked at the apex, lobes unequal, 0.5—-1 (—1.5) mm. 
long; stigmas 2, compressed, broader than long. Nutlets gray, erect, usually 
only one developing, ca. 7 mm. long, broadest (2.5—3 mm.) at or just above 
the base, gradually narrowed upwards into a somewhat rostrate incurving 
apex, hence narrowly subconic in form, ventral and dorsal keel obscure 
except on the upper 2-3 mm. (i. e., on the beaked apex), surface very 
minutely tuberculate, longitudinally striate and rugose, the rugae irregular 
and sparsely verrucose; attachment-surface broad, obliquely basal. Gyno- 
base low pyramidal. 
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AFGHANISTAN: Sanjadabad, May 1880, H. Collett 22 (Kew); Sanjadabad, 
7000 ft., April 1880, H. Collett 77 (Kew); Dscheratu, May 7, 1949, H. F. 
Neubauer 836 (Vienna, TyPE of A. nobilis); Paghman, rocky slope, 7000 ft., fl. at 
first dark brown, later yellow, leaves silvery, July 14, 1935, W. R. Hay 350 
(Kew); Sar-i-chasma, 2700 m., June 3, 1948, L. Edelberg 1832 (Vienna) ; 
Hauz-i-Mahik, 2500 m., July 12, 1948, M. Kéie 3166 (Vienna); Farakulum, 
3000 m., July 19, 1948, M. Kéie 3167 (Vienna). 


A species of the high mountains (Hindu Kush) of eastern Afghanistan 
and most closely related to the more southerly ranging L. speciosum of 
the Pakistan-Afghanistan border. Distinctive of the species are its tidy 
and decidedly strigose basal leaves, the numerous stipitate glands on the 
inflorescence, calyx, and outer corolla-surface, the large pollen, and the 
narrowly conic longitudinally striate nutlets with incurved beak. Among 
the collections cited only one (Hay 350) has hairs on the outer surface of 
the corolla. Only one fruiting collection has been seen (Edelberg 1832). 
The elongate erect nutlets, broadest at or near the base and gradually 
narrowed upwardly into a slightly incurved beaked apex, have a form 
unique in Lithospermum. The roughening of their surface, numerous 
narrow longitudinal usually verrucose ridges which are separated by 
lineate grooves, is also unique. Another unusual feature is the suppression 
of the ventral keel except on the beak of the nutlet. 


ARNOLD ARBORETUM, 
HarvarD UNIVERSITY. 
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ee 
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A RECLASSIFICATION OF LIBOCEDRUS AND CUPRESSACEAE 
Hur-Lin Li} 
With two plates 


THE GENUS Libocedrus, of the Cupressaceae, is well known as having a 
remarkably disjunct range. As currently interpreted, the species are widely 
scattered in lands bordering the Pacific Ocean: one in southern Chile, two 
in New Zealand, two in New Caledonia, three in New Guinea, one in 
southern China, one in Formosa, and one in Pacific North America. Such 
a generic range is indeed unique among the conifers, as it covers more or 
less equal areas in the Northern and Southern Hemispheres. All other 
genera are confined either to the northern or southern lands or have but 
occasional outlying species extending beyond the equator. 

The northern and southern species were combined together because of 
the elongate, basically attached scales and the bi-winged seeds with the 
wings very unequally developed. These characters, as will be noted below, 
actually differ to a certain extent between the northern and southern 
species. It is possible that the resemblance is superficial and due to parallel 
variation. Two authors, Koch (19) and Kurz (20), noted some differences 
between the northern and southern species and established independently 
in the same year 1873 two genera, Heyderia and Calocedrus respectively, 
for two of the northern species, but their work was soon disregarded by 
most subsequent authors. In 1926, Pilger (28), noting the discrepancy 
between the northern and southern species, divided the genus into two 
subgenera — Heyderia, containing the northern species, and Eulibocedrus, 
the southern. However, he did not emphasize the significance of their 
fundamental differences, which, in my opinion, are of more value than 
subgeneric differentiation would indicate. 

To clarify the taxonomy of the group of species currently included in 
Libocedrus, it will be helpful to trace briefly the bibliographical history of 
the genus. The first species of this assemblage were discovered in Chile and 
named in 1824 as Thuja chilensis D. Don and Juniperus uvifera D. Don 
(in Lambert, 21). Another was collected in New Zealand and first named 
Dacrydium (?) plumosum by D. Don in 1828 (In Lambert, 21, ed. 2). 
In 1842, W. J. Hooker (12) transferred Dacrydium (?) plumosum to the 
genus Thuja, renaming it Thuja doniana. In 1843, Hooker (13) described 


‘This study was initiated several years ago at the National Taiwan University, 
Formosa, China, and was completed in the Department of Botany, Smithsonian 
Institution, to the authorities of which the author is indebted for their generosity in 
placing facilities at his disposal. Thanks are due to the curator of the herbarium of 
the Arnold Arboretum of Harvard University for the loan of certain specimens of 
Libocedrus. To A. C. Smith and C. V. Morton, U. S. National Herbarium, grateful 
acknowledgment is made for their kindness in reading the manuscript and offering 


valuable suggestions. 
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independently a new species from Chile which he called Thuja chilensis ; 
this is regarded as the same species as that described previously as 7. 
chilensis D. Don, which is based on a different type; the use us Sie 
specific epithet is a coincidence, Hooker being unaware of Don S To 
In 1844, Hooker (14) described a Thuja tetragona from Chile, which has 
turned out to be the same species as Don’s Juniperus uvifera, in this in- 
stance, Hooker did know of Don’s species, but was not sure of its identity 
with his own, inasmuch as Don had described the fruit as that of a true 
Juniperus. These three species of the Southern Hemisphere, attributed by 
Hooker to Thuja, which is otherwise a genus exclusively of the Northern 
Hemisphere, were made the basis of the genus Libocedrus by Endlicher in 
1847 (5). I am following Pilger (28) and others in choosing L. doniana 
(Hook.) Endlicher, now correctly known as L. plumosa (D. Don) Sargent, 
as the type species. The other species of Chile, L. tetragona (Hook.) 
Endlicher, later known as L. uvifera (D. Don) Pilger, which differs from 
the other species in the 4-ranked, more or less equal leaves, and tetragonous 
and fastigiate branches, remained in the genus Libocedrus until Florin 
(7) segregated it to form the monotypic genus Pilgerodendron in 1930. 

In 1853, Torrey (35) described a species from California as L. decurrens, 
the first species from the Northern Hemisphere attributed to the genus 
Libocedrus. This species differed from the southern species in having three 
instead of two pairs of cone-scales: a smaller outer pair, a much longer 
fertile middle pair, and an inner sterile pair fused together into a single 
plate, a structure not found in the southern species. Noting these differ- 
ences, Koch (19) in 1873 made the Californian species the type of a genus 
Heyderia. 

In the same year that Koch proposed the genus Heyderia, Kurz (20) 
described a plant from Yunnan, China, as Calocedrus macrolepis, a new 
genus considered by him to be related to Libocedrus and Thujopsis, differ- 
ing from the former in the seed structure. Both Calocedrus and Heyderia 
were combined with Libocedrus by Bentham and Hooker (1) in 1880, 
although they noted that these species differ from the southern species of 
the genus in having the innermost pair of scales sterile and connate. Since 
that time these northern species have remained in the genus Libocedrus. 

In 1867, a second species from New Zealand was named by J. D. Hooker 
as L. bidwillit (15). Another species, L. austro-caledonica Brongn. & Gris 
(2), was discovered in New Caledonia, considerably extending the generic 
range. The range was further extended by discovery of species in New 
Guinea and Formosa. Three species have been reported to occur in New 
Guinea, L. papuana F. Muell. (25), L. torricellensis Schlechter (ex Lauter- 
bach, 23), and L. arfakensis Gibbs (11). The Formosan plant identified as 
L. macrolepis since 1902, has been described as a distinct species, J. 
formosana Florin (6). Recently two more species were discovered in New 
Caledonia, L. chevalieri Buchholz (3) and L. yateensis Guillaumin (38). 
The discovery of these different species from widely separated areas in 
both the Southern and Northern Hemispheres would make this, in its 
geographical range, a unique genus in the conifers. 
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A careful study of herbarium material and literature shows that these 
northern and southern species are different in their cone-structures and 
other characters. In all the southern species, including those from New 
Guinea, there are four scales in two pairs of very different sizes. The outer 
pair is small and sterile, while the inner pair is about two or three times as 
large and is fertile, each scale bearing one or usually two seeds at the base. 
In the three northern species, L. decurrens, L. macrolepis, and L. formosana, 
there are three pairs of cone-scales. The first pair is small, sterile, and 
recurved at tip when mature. The second pair is very long, over three to 
six times the length of the outer pair and fertile, each scale bearing two 
seeds at the base. The third pair is as long as the second pair or slightly 
longer and is sterile, the scales being connate throughout their entire length 
into a flat thin plate. 

Of more significance is the fact that the disposition of these cone-scales 
in the northern and southern species is different. The southern species 
have their four cone-scales meeting at the edges, or in other words, these 
are valvately disposed. In this respect they differ fundamentally from 
Thuja and other related genera of the north. In the three northern species 
of Libocedrus, the three pairs of scales are imbricately disposed, the outer 
pair overlapping the inner. This disposition is exactly the same as in 
Thuja, which also has the innermost pair of cone-scales connate into one 
piece. In Thuja and the northern species of Libocedrus, the innermost 
pair is about the same size as the middle fertile pair. But as it is partly 
covered by the latter, the exposed parts are narrow and it thus appears to 
be smaller. Actually it is often slightly longer. 

This difference in the disposition of the cone-scales indicates in my 
opinion that the affinities of the southern species of Libocedrus are, among 
the existing genera of the conifers, not with Thuja, but with Diselma, 
Widdringtonia, Fitzroya, and other related genera of the Southern Hemi- 
sphere. In all these genera, the cone-scales meet at their edges and are not 
imbricate. On the other hand, the three northern species are undoubtedly 
very close to Thuja. The cone of these species approaches closely that of 
Thuja, which, as noted above, has a similarly fused pair of scales in the 
center but with numerous outer sterile scales. Reduction in the number 
of these outer cone-scales would result in nearly the exact condition that 
we have in the cones of the northern species of Libocedrus. With a broader 
generic concept, these species could be included in Thuja, and this was 
the view actually expressed by Voss in 1908 (36). However, the leaves 
of these species are in apparent whorls of four instead of being strictly 
decussate as in Thuja. This difference in the organization of leaves on the 
stem as well as the fewer number of scales and unequally developed seed- 
wings keep these species out of Thuja. 

The northern species of Libocedrus also differ from the southern species 
in having the scales mucronulate on the back of the tip, in having the seeds 
less unequally 2-winged, both wings being well-developed but with one 
about twice as long as the other, and in the generally larger number of 
stamens. In the southern species, the scales are provided with a short or 
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long, more or less sharp spine or a bract at the back toward the tip or base 
or center, and the seed has a long, well-developed wing on one side and 
merely a narrow membranaceous margin on the other. 

In vegetative structures, the northern and southern species of Libocedrus 
are also strikingly different. In the southern species, the leaves are very 
unequal and strictly decussate, alternately long and very short, the dorso- 
ventral being very small, and the lateral much larger, keeled and contiguous 
toward base. The lateral leaves only very slightly overlap the next above, 
and scarcely overlap laterally the dorso-ventral leaves. In the northern 
species, the leaves are more strongly decurrent, in apparent whorls of four, 
and the pairs are of about equal length, the dorso-ventral being narrow, 
and the laterals keeled, overlapping the next above at their bases and 
also the dorso-ventral ones laterally, while they themselves are not con- 
tiguous below. The leaves are more clearly imbricate in arrangement, 
reflecting the arrangement of the pistillate cone-scales. 

In view of the important differences of the three northern species from 
the southern species of Libocedrus in both vegetative and reproductive 
characters, it seems desirable to consider the two groups as generically dis- 
tinct. There are two generic names, Heyderia Koch and Calocedrus Kurz, 
published in the same year, available for the northern species. Calocedrus 
appeared in July, 1873; the exact date of publication of Heyderia is not 
known. As Heyderia was chosen by Pilger for the subgenus he proposed 
for the group, it is here adopted in preference to Calocedrus, at least until 
an earlier date for the latter can be definitely established. 

The three species from New Guinea differ from the other southern 
species in certain important characters in both the staminate and ovulate 
cones, There are four scales in the ovulate cone and these are valvate, 
as in the other southern species. However, these scales are only slightly 
woody when mature and bear a large, triangular or ovate appendage on 
the back near the base or below the center. In the other species usually 
a short or long spine, or sometimes a triangular bract, is borne either 
toward the tip or above the center. In the New Guinean species, these 
appendages are thickened and they assume a slightly shield-like appear- 
ance. According to Gibbs (11), in her description of L. arfakensis, as 
the cone increases in size, a swelling appears between the two fertile scales. 
This swelling gradually develops into two ovate-oblong projections which 
displace the apices of the scales. The outer scales are modified in the same 
manner but to a lesser extent. However, as to the outer scales, it appears 
that they are formed by two bracts coalescing together, the outer becom- 
ing the smaller ovate appendage and the inner the scale proper. In L. 
torricellensis, Schlechter (ex Lauterbach, 23) actually described these ap- 
pendages as bracts attached to the scales; they are found nearly at the 
base of the outer scales. 
ei ee ie the Cupressaceae is shown to develop by the 

y seed-scale complex, the sterile part of the 
flower, which faces the cone-axis and bears ovules in its basal regions, 
and a bract (10). Together they form the “ovuliferous scale.” In the 
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mature cone, the anterior side of the former is generally suppressed and 
fused to the bract, and the apophysis of the latter becomes the spine or 
bract-like appendage on the back of the ovuliferous scale. In the New 
Guinean species, this fusion is apparently less complete and the inner 
sterile part of the flower more developed than the bract. As a result the 
bract appears to be very distinct and of relatively larger size as compared 
with other Cupressaceae. A case somewhat similar to these species is found 
in Libocedrus bidwillii Hook. f. of Tasmania, which has an ovulate cone 
more or less approaching these species than other species of Libocedrus. 

In the staminate flowers, the New Guinean species are very distinct in 
having numerous scales, spirally arranged instead of decussate. The cells 
are also more variable in number, varying from three to six. The spiral 
arrangement of the stamens is a unique character. It transcends the 
Cupressaceae and suggests some relationship with the Taxodiaceae. In 
vegetative appearance, these species, with their small decussate leaves 
of very dissimilar alternate pairs, approach most nearly Chamaecyparis. 
On the basis of these distinctive characters in both the staminate and 
ovulate cones, the New Guinean species are here segregated as a genus 
distinct from Libocedrus, sensu stricto. 

In this connection, it is worthy to note that Peirce (27), in his study 
of the wood anatomy of the Cupressaceae, noted particularly the hetero- 
geneous nature of the genus Libocedrus, sensu lato. He studied wood 
specimens of the following species: L. bidwillit (New Zealand), L. chilensis 
(Chile), L. decurrens (North America), L. macrolepis (China), L. papuana 
(New Guinea), and L. uvifera (Chile), the last being the type of Pélgero- 
dendron, proposed by Florin (7) as a separate genus. With regard to the 
latter, Peirce noted that “the woody anatomy has failed to disclose any 
features that would warrant giving generic status to that species and not 
to some of the others, for Libocedrus is comparatively heterogenous.” 
The wood anatomy of the other cupressaceous genera studied by him is all 
uniform and homogeneous within the genus. Perhaps an attempt to in- 
vestigate further the wood anatomy of Libocedrus sensu lato and Pilgero- 
dendron along the line of the present scheme of classification will bring out 
different results. 

To summarize, the resemblances of the elongated cones in the northern 
and southern species of Libocedrus are superficial only, probably due to 
parallel variation. Two groups of species differ from each other in cone- 
structure as well as vegetative characters. Different affinities are indicated 
and it is therefore desirable to treat these two groups of species as gener- 
ically distinct. Among the southern species, those from New Guinea differ 
from the rest in certain important characters of the ovulate as well as 
staminate cones and are treated as representing a separate genus. In 
addition to these three genera, there is Pilgerodendron, an earlier segregate 
from Libocedrus made by Florin. The classification of the four genera in 


question is as follows. 
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Heyderia K. Koch, Dendrol. 212) LOR ISS: 


Calocedrus Kurz in Jour. Bot. 11: 196. ¢. 133. July 1873. 

Libocedrus sensu Benth. & Hook. Gen. Pl. 3: 426. 1880, p. p., non Endlicher. 

Libocedrus subgen. Heyderia Pilger in Engler & Prantl, Nat. Pflanzenfam. 
ed. 2. 13: 389. 1926. 


Typr species: Heyderia decurrens (Torr.) Koch. 


Trees; branchlets distichous, strongly compressed. Leaves scale-like, 
closely and distinctly imbricate, decussate, strongly compressed and de- 
current, free only at the obtuse and minutely pointed tip, the pairs of 
about equal length, the dorso-ventral narrow, the lateral keeled, over- 
lapping the dorso-ventral laterally, not joining together themselves. Flowers 
monoecious, solitary, terminal on different branchlets. Staminate flowers 
oblong, consisting of 6-16 decussate scales; anthers sessile, of 4 cells 
pendulous from the subpeltate, broadly ovate, pointed scale. Ovulate 
flowers oblong, formed of 6 erect woody imbricate persistent scales, the 
upper and lower pairs sterile, the middle pair only fertile; ovules 2 at 
the base of each fertile scale, erect. Mature cone oblong, more or less 
truncate, maturing the first year, the scales 6, in 3 pairs, woody, imbricate, 
mucronulate at the back near the tip, the lower pair small, ovate, sterile, 
recurved at tip, the middle pair much larger, 3-6 times as long as the 
outer or more, oblong, fertile, erect, the upper pair linear, about as long 
as or slightly longer than the middle pair, sterile, connate together inte 
a flat woody erect plate. Seeds 2 to each fertile scale, erect, compressed, 
with 2 unequal, lateral, erect, oblong wings, the larger to nearly as long 
as the scales, the other about half as long; cotyledons 2. 

Three species, one in Pacific North America, one in Formosa, and one 
in Yunnan, Hainan, and northern Burma. 


1. Heyderia decurrens (Torr.) K. Koch, Dendrol. 2(2): 179. 1873. 
Libocedrus decurrens Torrey in Smithson. Contr. Knowl. 6(1): 7. t. 3. 1853. 
Thuja craigiana Murray in Rep. Oreg. Exped. 2: ¢. 2. 1854. 

Thuja gigantea sensu Carriere in Rev. Hort. 1854: 224. 1854, non Nuttall. 
Thuja decurrens Voss in Mitt. Deutsch. Dendr. Ges. 1907(16): 88. 1908. 


North America, Oregon and California to Lower California, scattered 
among other coniferous trees at 1,000—2,500 meters. 
The following forms are known in cultivation: 


Heyderia decurrens f. compacta (Beissner) comb. nov. 
Libocedrus decurrens compacta Hort. ex Beissner, Handb. Nadelh. 30. 1891. 


Heyderia decurrens f. glauca (Beissner) comb. nov. 


Libocedrus decurrens glauca Beissner in Jager & Beissner, Ziergeh. ed. 2, 472 
1884. ee . 


Heyderia decurrens f. aureo-variegata (Schwerin) comb. nov. 


Libocedrus decurrens aureo-variegata Schwerin i i 
n Mitt. Deutsch. D 3 
1907(16): 256. 1908. i a 
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2. Heyderia formosana (Florin) comb. nov. 


Libocedrus formosana Florin in Svensk Bot. Tidskr. 24: 126. ee Ort 2) 1980: 

Libocedrus macrolepis sensu Forbes & Hemsl. in Jour. Linn. Soc. Bot. 26: 
540. 1902, p. p., non Benth. & Hook. 

Libocedrus macrolepis var. formosana Kudo in Jour. Soc. Trop. Agr. (Formosa) 
Se NG, Og 


Formosa, scattered in broad-leaved forests, rarely forming pure forests, 
in ravines and on mountain slopes at 150—1,900 meters, in the northern 
and central part of the island. 


3. Heyderia macrolepis (Kurz) comb. nov. 

Calocedrus macrolepis Kurz in Jour. Bot. 11: 196. t. 133. 1873. 

Libocedrus macrolepis Benth. & Hook. Gen. Pl. 3: 426. 1880. 

Thuja macrolepis Voss in Mitt. Deutsch. Dendr. Ges. 1907(16): 88. 1908. 

A rare tree, at about 1,400—1,600 meters, southwestern Yunnan and along 
the Burmese border; also in Hainan. 


Pilgerodendron Florin in Svensk Bot. Tidskr. 24: 132. 1930. 


Trees or shrubs, evergreens, the branchlets tetragonous. Leaves small, 
scale-like, ovate, quadrifarious, decussate, of about equal size, imbricate, 
adnate below, free and more or less spreading above, dorso-ventrally com- 
pressed, keeled on the back. Flowers dioecious, solitary, terminal on 
branchlets. Staminate flowers relatively large, subcylindric, with elongate 
scariose-margined basal leaves; scales large, decussate, imbricate; anthers 
of 4-8, usually 6 cells, pendulous from the subpeltate, short-stalked, erect, 
scales. Ovulate flowers with 4 elongate, decussate basal leaves, ovoid to 
ellipsoid, formed of 4 decussate persistent scales, slightly fleshy when 
young and cohering at margins, the outer smaller, sterile; ovules 2 at the 
base of each fertile scale, erect. Mature cone ovoid, the scales 4, in 2 
pairs, separate, valvate, woody, with a long erect-incurved spine on the 
back near the tip, the lower scales small, oblong-lanceolate, sterile, the 
upper scales obovate-oblong, fertile, about 3 times as long as the lower, 
the axis often projected in the center of the cone into a very short ovoid 
or rarely subcylindric column. Seeds solitary or 2 at the base of each 
fertile scale, obtusely triangular, very unequally winged laterally, the 
longer wing erect, elongate, much longer than the seed, the other very 
short. 

One species in southern Chile. 

1. Pilgerodendron uviferum (D. Don) Florin, loc. cit. 133. 1930. 

Juniperus uvifera D. Don in Lamb. Pin. 2: 17. 1824. 

Thuja tetragona Hook. in Lond. Jour. Bot. 3: 148. ¢. 4. 1844. 

Libocedrus tetragona Endlicher, Syn. Conif. 44. 1847. 


Libocedrus cupressoides Sargent, Silva N. Amer. 10: 134. 1896. 
Libocedrus uvifera Pilger in Engler & Prantl, Nat. Pflanzenfam. ed. 2. 13: 


389. 1926. 
Southern Chile, western slopes of the Andes from Valdivia southward to 


Terra del Fuego. 
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Libocedrus Endlicher, Syn. Conif. 42. 1947. 
Libocedrus subg. Eulibocedrus Pilger in Engler & Prantl, Nat. Pflanzenfam. 
ed. 2. 13: 389. 1926. 


Typr species: Libocedrus doniana (Hook.) Endlicher = L. plumosa 
(D. Don) Sargent. 


Trees or shrubs; branchlets distichous and compressed, sometimes 
tetragonous when young. Leaves scale-like or short needle-like, imbricate 
only at the tip, decurrent, decussate or 3-ranked, compressed, very unequal, 
the dorso-ventral very small, the lateral much larger, keeled and contiguous 
below. Flowers monoecious, solitary, terminal on different branchlets. 
Staminate flowers oblong, of 6-10, decussately arranged scales; anthers 
sessile, of 4 cells pendulous from the peltate or subpeltate scale. Ovulate 
flowers ovoid, formed of 4 decussate, erect, woody, persistent scales, the 
outer smaller, sterile; ovules 2 at the base of each fertile scale, erect. 
Mature cone ovoid, obtuse, maturing the first year, the scales 4, in 2 pairs, 
valvate, woody, with a short or long spine or small triangular bract-like 
appendage on the back above the center or near the tip, the lower scales 
small, ovate, sterile, the upper scales ovate-oblong, fertile, about 2 or 3 
times as long as the lower. Seeds solitary or 2 at the base of each fertile 
scale, compressed, very unequally winged laterally, the lower wing erect, 
oblong, to nearly as long as the scale, the other narrow, reduced; 
cotyledons 2. 

Five species, widely scattered in regions bordering the Pacific in the 
Southern Hemisphere, one in southern Chile, two in New Zealand, and two 
in New Caledonia. 


1. Libocedrus plumosa (D. Don) Sargent, Silva N. Amer. 10: 134. 
1896; Druce in Rep. Bot. Exch. Cl. Brit. Isles 1916: 633. 1917. 


Dacrydium (?) plumosum D. Don in Lamb. Pin. ed. 2. App. 143. 1828. 
Thuja doniana Hook. in London Jour. Bot. 1: 571. t. 18. 1842. 
Libocedrus doniana Endlicher, Syn. Conif. 43. 1847. 


New Zealand, northern and southern islands, in forests, rare. 


2. Libocedrus bidwillii Hook. f. Handb. N. Zeal. Fl. 257. 1867. 

New Zealand, northern and southern islands, on mountain slopes to 
2,000 meters. 
3. Libocedrus chilensis (D. Don) Endlicher, Syn. Conif. 44. 1847. 


Thuja chilensis D. Don in Lamb. Pin. 2: 19. 1824. 
Thuja chilensis Hook. London Jour. Bot. 2: 199. 1843. 
Thuja adina Poepp. & Endl. Nov, Gen. et Sp. sl7. F. 220 eto. 


Southern Chile, on slopes of mountain valleys, at about 950—1,500 meters. 


4. Libocedrus austro-caledonica Brongn. & Gris. in Bull. Soc. Bot. 
France 18, 140. 1871. 


New Caledonia, eastern slopes of Mt. Humboldt at about 1,000 meters. 
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5. Libocedrus chevalieri Buchholz in Bull. Mus. Hist. Nat. Paris 21(2): 
283. 1949. 


New Caledonia, western slopes of Mt. Humboldt, at 1,450-1,550 meters. 


6. Libocedrus yateensis Guillaumin in Bull. Mus. Hist. Nat. Paris 21: 
45, 1949. 


New Caledonia, right bank of Blue River, at about 200 meters. 


Papuacedrus Li, gen. nov. 


Arbor alta; ramulis oppositis distichis compressis; foliis decussatim 
oppositis, adpresse quadrifariatim subimbricatis, difformibus, lateralibus 
longioribus complicato-carinatis subfalcatis acutis vel subacutis, pro parte 
maxima adnatis, apice solum liberis, facialibus minutis, planis adpressis 
squamiformibus triangularibus vel basim ramulorum versus oblanceolatis 
acutis vel acuminatis; strobilis in diversis ramis monoicis;  strobilis 
staminibus in ramulis terminalibus solitariis cylindricis, antheris 16—co- 
seriatis spiraliter dispositis, squamiformibus late ovatis subpeltatis breviter 
stipitatis chartaceis, loculis 2—6 globosis deorsum 2-valvatis; strobilis 
ovulatis in ramulis brevibus erectis, elongato-ovatis, squamis 4, decussatis, 
valvatis, 2 exterioribus sterilibus; strobilis ovulatis maturis ovoideis, 
Squamis demum sublignosis, 2 exterioribus sterilibus ovatis vel oblongis 
ad basim bractea ovata acuta adnata munitis, 2 interioribus ad basim 
2-ovulatis, longioribus lanceolatis subacutis vel rotundatis, exterioribus 2- 
vel 3-plo longioribus, infra medium bractea triangulari patula praeditis; 
seminibus 4 ellipsoidalibus plus minusve compressis lateraliter alatis, ala 
altera elongata, altera subobsoleta. 


Type species: Libocedrus papuana F. Muell. 
A genus of three species in New Guinea and Molucca. 


1. Papuacedrus papuana (F. Muell.) comb. nov. 


Libocedrus papuana F. Muell. in Trans. Roy. Soc. Vict. N. S. 1(1): 32. 1889. 
Thuja papuana Voss in Mitt. Deutsch. Dendr. Ges. 1907(16): 88. 1908. 


New Guinea, in northern and southern parts at 1,700-3,000 meters, and 
Molucca, at about 2,000 meters. 


2. Papuacedrus torricellensis (Schlechter) comb. nov. 


Libocedrus torricellensis Schlechter ex Lauterbach in Bot. Jahrb. 50: 53. f. 2, 
H-N. 1913. 


New Guinea, Torricelli Mountains, at about 900—1,000 meters. 
3. Papuacedrus arfakensis (Gibbs) comb. nov. 
Libocedrus arfakensis Gibbs, Phytogeogr. & Fl. Arfak Mts. 84. f. 6, a—b. 1917. 


New Guinea, Arfak Mountains, on ridges and in forests, at 2,300-—2,600 
meters. 
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With the above redefinition of the genera Libocedrus, Papuacedrus, 
Heyderia, and Pilgerodendron, a problem which follows is their proper 
classification within the family Cupressaceae. These genera are segregated 
mainly on the basis of the ovulate cones, and the structure of the ovulate 
cone has long been considered as important in classification and of great 
significance in interpreting relationships in the conifers. A general review 
of the structure and evolution of the ovulate cone in the Cupressaceae is 
given by Florin (8,10). He considers the cones in some species of 
Juniperus and in Microbiota, in which only one fertile axillary complex and 
one single ovule is developed, as the most strongly reduced. 

It is interesting to note that although the northern and southern genera 
assigned to the Cupressaceae are grouped in separate taxa in most systems 
of classification of the conifers, Libocedrus has had various dispositions. 
The first important system was proposed by Endlicher in 1847 (5), in 
the work where Libocedrus was first established. In his order Cupressineae, 
the Actinostrobeae include these southern genera: Widdringtonia, Frenela, 
Actinostrobus, Callitris, and Libocedrus; while the Thujopsideae include 
the northern genera Biota, Thuja, and Thujopsis. At that time, it should 
be noted, only three species of Libocedrus were known, all from the 
Southern Hemisphere, and therefore the scope of the genus was clear and 
definite and its relationship was correctly indicated by the author. 

In later years, when the northern species of the genus Libocedrus were 
discovered, practically all authors of later systems, such as Eichler (4), 
Neger (26), Vierhapper (37), and Saxton (32), included Libocedrus with 
the northern genera, apparently interpreting the genus on the basis of the 
northern species only. 

A radical change was made by Pilger (28), who combined the northern 
and southern groups of genera, long referred to two different groups by all 
authors, into one subfamily Thujoideae under the Cupressaceae. His 
system of classification of the whole family is as follows: 


Subfamily I. Thujoideae: Actinostrobus, Callitris, Tetraclinis, Callitropsis, 
Widdringtonia, Fitzroya, Diselma, Thujopsis, Thuja, Libocedrus, Fokienia. 

Subfamily II. Cupressoideae: Cupressus, Chamaecyparis. 

Subfamily III. Juniperoideae: Arceuthos, Juniperus. 


The latest system, by Janchen in 1950 (17), classifies the Cupressaceae 
as follows: 


Subfamily I. Juniperoideae. 
Tribe Junipereae: Arceuthos, Juniperus. 
Subfamily II. Cupressoideae. 
Tribe 1. Cupresseae: Cupressus, Chamaecyparis, Fokienia. 
Tribe 2. Thujopsideae: Pilgerodendron, Libocedrus, Microbiota, Biota, 
Thuja, Thujopsis. 
Tribe 3. Actinostrobeae: Diselma, Fitzroya, Widdringtonia, Neocallitropsis, 
Callitris, Tetraclinis, Actinostrobus. 
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Pilger’s system, appearing in a standard reference work, is widely known, 
but, compared with other systems, it is unsatisfactory in that it combines 
the usually separated and widely different Actinostrobeae and Thujopsideae 
into one. This arrangement may serve to obviate the problem of placing 
the questionable Libocedrus, but it obscures the different and divergent 
trends of development of these genera. Also unsatisfactory is Pilger’s 


placing of Fokienia in his Thujoideae instead of Cupressoideae, as the cone 


of Fokienia is essentially the same as that of Chamaecyparis; the two 
should undoubtedly be closely associated, as in Janchen’s system, where 
Cupressus, Chamaecyparis, and Fokienia constitute the tribe Cupresseae. 

Saxton (30, 31, 32), working with embryogeny, considered that the 
Cupressaceae should be divided into at least two subfamilies: the Calli- 
troideae, containing the genera Actinostrobus, Callitris and Widdringtonia, 
and the Cupressoideae, containing the remaining genera of the family. 
Tetraclinis and Fitzroya have affinities with both groups, but they should 
probably be considered as belonging to the Cupressoideae. 

Moseley (24) based his evaluation of characteristics on the reproductive 
morphology and embryogeny, considered by him as of phylogenetic im- 
portance in 12 genera, and proposed an entirely different system for the 
Cupressaceae. The characters are listed in a chart, mostly presented in 
pairs, considered by him as either primitive or advanced. His modification 
of Pilger’s system is as follows: (genera starred are considered by him 
as of doubtful status). 


Subfamily Cupressoideae: Cupressus, Chamaecyparts. 

Subfamily Juniperoideae: Juniperus, Arceuthos*, Microbiota*. 

Subfamily Thujoideae: Libocedrus, Biota, Tetraclinis, Fitzroya, Thujopsis, 
Thuja, Diselma*, Fokienia*. 

Subfamily Callitroideae: Actinostrobus, Callitris, Widdringtonia, Callitropsis*. 


Considering the number of primitive characteristics, Moseley regards 
the Cupressoideae as lowest in the family and the Callitroideae as the 
most highly evolved. In the Thujoideae, Libocedrus and Biota possess 
the greatest number of primitive characteristics, while Tzuja and Fitzroya 
are the most advanced. Callitroideae was originally established by Saxton 
and upheld by Moseley on the basis of these morphological characters: 
archegonia lateral in position, the absence of a prosuspensor in the 
embryo, a proembryo that completely fills the archegonium, the absence 
or obscurity of an archegonial jacket, and a proembryo which is not in 
definite tiers. 

Moseley’s phylogenetic scheme is very different from, and in some 
cases diametrically opposed to the various systems proposed by taxonomists 
on the basis of external morphology, especialy that of the cone. Juniperus, 
with fleshy fused cone-scales and wingless seeds, is considered by all others 
as more advanced than those genera in the Thujoideae, which have dry 
distinct cone-scales and winged seeds (10). In Moseley’s system, the order 
is reversed. He considers that “the Callitroideae possess outstanding 
characters [as mentioned above| that distinguish them from the other 
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groups of the Cupressaceae.” However, when he compares Fitzroya and 
Tetraclinis, two genera in his Thujoideae, with the Callitroideae, he finds in 
Fitzroya, four, and in Tetraclinis three important characteristics in common 
with the latter group. 

It remains to be seen whether characters in embryogeny will be sufficient 
to explain the phylogenetic trends in the Cupressaceae. At the present 
judgment on the phylogenetic significance of these characters is still con- 
troversial. Thomson (34, Radforth, 29) disagrees with Buchholz’s idea, 
which Moseley follows, in the interpretation of certain fundamental 
phenomena in embryogeny pertinent to the phylogeny of conifers. In 
some cases, such as polyembryogeny, Thomson’s view of the phylogenetic 
significance is just the reverse of that of Buchholz. 

Using mainly the characters of the cone-scales, a revised system of 
classification for the Cupressaceae is presented below. Among the genera 
of the family, there are two main types of cones. In one group, the cone- 
scales are present in pairs or in whorls of three or four. Generally there 
are two pairs, and only more rarely two ternate whorls or two quadrate 
whorls. The scales are always thick and usually woody, and are valvate 
in arrangement, as the scales come into contact at their edges and do not 
overlap. All genera with cones of this type occur in the Southern Hemi- 
sphere, with the exception of the isolated Tetraclinis. These genera may 
be considered as constituting one subfamily, the Callitroideae (PLATE 1). 

In this subfamily, there are three genera with ternate whorls: Fitzroya, 
Actinostrobus, and Callitris. In Fitzroya, there are three whorls of scales, 
the innermost being very rudimentary and minute, the middle largest and 
each scale bearing about two or three 3-winged seeds, and the outermost 
smaller and sterile. In Actinostrobus, there are two whorls surrounding a 
slightly protruding axis, the outer and inner scales being of about equal 
size and each bearing two 3-winged seeds. In Callitris, there are also two 
whorls, the inner being the larger, each scale bearing many winged seeds, 
and the outer ones slightly smaller and bearing fewer seeds. Both 
Actinostrobus and Callitris may sometimes possess a residuum of very 
rudimentary scales in the center of the cone as in Fitzroya. All three 
genera have 3-ranked leaves. These genera, of comparatively more 
primitive character in having ternate scales, few to many, winged seeds, and 
sometimes a whorl of rudimentary scales in the center, are clearly of close 
relationship and are here classified as representing one tribe, the Actino- 
strobeae. It should be noted that Fitzroya was described by the publishing 
author, Hooker, as having imbricate cone-scales. Pilger (28) described 
the scales as somewhat imbricate. So far as I can make out from herbarium 
specimens, the thick, coriaceous scales are valvate as in the other southern 
genera. For a definite determination it will be necessary to have fresh 
material. ' 

The other southern genera have 2-, 4-, or 8-ranked leaves, and all have 
cones consisting of two pairs of scales, except Octoclinis and N eocallitropsis 
(Callitropsis). The cone of these genera has eight scales in two whorls, 
with a short axis protruding in the center. Each of the inner scales bears 
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two, winged seeds. The leaves in these genera are in whorls of four. In 
Widdringtonia there are four scales of equal size, each bearing many, 
winged seeds. In Diselma, Papuacedrus, Pilgerodendron, and Libocedrus, 
there are two pairs of scales. In Diselma, the two pairs are of about equal 
size, one sterile and one fertile, the latter bearing at the base of each scale 
two or three winged seeds. In Pilgerodendron, Papuacedrus, and Libocedrus 
the two pairs of cone scales are of unequal size, the outer much smaller 
and sterile, and the inner larger and fertile, bearing one or two seeds at 
the base of each scale. These southern genera represent another tribe, the 
Libocedreae. 

Papuacedrus, as noted above, differs from other genera of the Cupres- 
saceae in the spiral arrangement of the scales in the staminate cone. This 
character may be of phylogenetic significance, as it indicates relationship 
with the Taxodiaceae. In this connection mention may be made of two 
genera of the Taxodiaceae with outstanding characters. Metasequoia has 
decussate scales in the ovulate cones, a character transcending the Taxo- 
diaceae and suggesting relationship with the Cupressaceae (16, 33). 
Athrotaxis, of Tasmania, the only genus of the Taxodiaceae of the Southern 
Hemisphere, has either spirally or decussately arranged leaves and sub- 
spirally arranged staminate scales, characters somewhat intermediate be- 
tween the Taxodiaceae and Cupressaceae. These genera, together with 
Papuacedrus, offer great possibilities in elucidating the relationships be- 
- tween these two families by further investigation. 

A third tribe, the Tetraclineae, contains the more or less isolated genus 
Tetraclinis of northern Africa. It is the only genus of the Northern Hemi- 
sphere with valvate cone-scales. There are two pairs of cone scales, of equal 
size but of slightly different shape. The young scales are somewhat fleshy. 
The vegetative characters mostly closely approach Heyderia and Thujopsis. 
The cotyledons are three to five, instead of usually two as in other genera, 
and this character suggests Juniperus. Tetraclinis thus shows characters 
intermediate between the northern and southern genera, but its basically 
valvate cone-scales indicate closer relationships with those of the south. 

In the northern genera, excepting Tetraclinis, the cone-scales show more 
varied development, but basically the arrangement is imbricate. These 
genera constitute another subfamily, the Cupressoideae. The scales occur 
in pairs with the exception of Juniperus and Arceuthos, where the scales are 
generally present in threes but sometimes also in twos. In this subfamily 
three tribes are discernible (PLATE 2). 

In the first tribe, Cupresseae, including Cupressus, Chamaecyparis, and 
Fokienia, the cones, which are essentially globose, bear three to eight pairs 
of shield-like scales. Most of these scales except usually the outermost 
and innermost ones, are fertile, each bearing two to many, winged seeds. 
In the number of scales and seeds, this group is undoubtedly the most 
primitive. Cupressus has six to twelve scales, the fertile ones bearing many 
seeds each. Chamaecyparis also has six to twelve scales, but the fertile 
scales bear only three seeds each. Fokienia has a larger number of scales, 
varying from twelve to sixteen, but the fertile ones bear only two seeds 
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each. Because of the thickness of the cone-scales they do not appear 
distinctly overlapping at the edges. Pilger ( 28) considers these scales as 
valvate. However, the outer scales cover the inner ones at almost the entire 
length and their disposition, much in the same manner as in Heyderia, is 
clearly imbricate. In Fokienia, the seeds are more unequal-winged than 
in the other two genera. This genus is probably more advanced than the 
other two and serves as a link with the following tribe, which it also 
resembles very closely in vegetative characters. 

The second tribe, Thujopsideae, is characterized by fewer scales, of flat 
or concave, generally elongate shape. Thujopsis has six to eight thick scales, 
the innermost and outermost pairs being sterile. The fertile scales bear 
two winged seeds each. In Thuja, there are eight to twelve scales, with the 
innermost pair sterile and often fused into a plate. The middle pairs bear 
two winged seeds each at the base of each scale. In Biota,’ sometimes 
included in Thuja, the scales are six in number, thick in texture, with the 
inner pair fused and sterile and the outer bearing one or two wingless seeds 
each. This genus probably connects with the following tribe, which has 
fleshy scales and wingless seeds. From Thuja, further reduction in the 
number of scales and seeds resulted in Heyderia, with only three pairs of 
scales, the inner fused and sterile, the middle fertile, and the outer much 
smaller and also sterile. The seeds are unequally winged. 

The last tribe, Junipereae, consisting of Arceuthos and Juniperus, some- 
times combined into one genus, has fleshy cone-scales, separate at first but 
fused together at maturity. The scales usually appear in two whorls of 
three each, but occasionally also in pairs. The seeds are wingless. This is 
undoubtedly the most highly evolved group of the whole family. Although 
the fleshy connate scales are distinctive, this tribe is clearly linked with the 
last tribe, inasmuch as Biota, with fleshy scales and wingless seeds, is 
somewhat intermediate. It is thus better treated as an advanced, 
specialized tribe of the northern subfamily, with imbricate scales, than as a 
subfamily by itself. 

All genera of the subfamily Callitroideae, with the exception of 
Tetraclinis, are of the Southern Hemisphere; while all genera of the sub- 
family Cupressoideae are of the Northern Hemisphere. Tetraclinis occurs 
in northern Africa, within the range of the hypothetical Gondwana land 
as with all the rest of the southern genera. The geographical range shows 
that the two subfamilies have developed independently for a very long 
time. This pattern of distribution is in accord with that of other group 
of conifers, where the genera or higher categories are either of the north 
or of the south. The extraordinary geographical range that has been 
accredited to Libocedrus, sensu lato, was based upon a misconception of 
significant generic characters. 

Fossil records have shown that the coniferous floras of the Northern and 
Southern Hemispheres have been distinct from each other since very 


* Microbiota decussata Komaroy 
Cult. Trees Shrubs, 
Biota orientalis (L.) 


is an uncertain genus and species. Rehder (Man. 
os oe 55. 1940) suggests it as probably only a variation of 
ndl. retaining the juvenile foliage up to the fruiting stage. 
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ancient times. In North America, for instance, Mesozoic and Cenozoic 
fossils all pertain to genera of the present northern type, such as Cupressus, 
Juniperus, Thuja, Taxodium, Sequoia, Abies, Larix, Picea, Pinus, 
Psuedotsuga, Tsuga, Cephalotaxus, and form genera related to these 
modern ones (18, 22).? Florin (9), in a detailed analysis of the Tertiary 
fossil conifers from the southern lands, shows the genera to be the same as 
those now existing in the Southern Hemisphere, and that none of the 
genera typical of the Northern Hemisphere mentioned above were present. 
Florin has convincingly proved that the separation of the northern and 
southern types has existed since the late Palaeozoic. He also indicates, 
however, that certain genera of the southern group might have forced their 
way northward into the region primarily occupied by the northern group 
and vice versa, which is also reflected by the recent distribution of some 
genera. 

A system of classification for the family Cupressaceae is tabulated below. 
The synonymy of suprageneric groupings in the Cupressaceae, as well as 
in other conifers, is very complicated. Practically all the tribes given 
below have been treated at one time or another as families or subfamilies. 
In a very ancient group like the conifers, the existing genera, mostly of 
relic nature, naturally do not show intimate relationships between them, 
as do many more modern groups. The rather burdensome synonymy 
reflects the varied opinions expressed by many authors. It is suggested 
that in the conifers, a broader outlook must be taken in presenting systems 
of classification in order to show the relationships between the existing 
genera and to render the systems useful for practical purposes. As the 
synonyms have been given very fully by Janchen (17) in a recent publica- 
tion, they are not repeated here. 


Family CUPRESSACEAE Neger 


I. Subfamily CaLLirromEAE Saxton in New Phytol. 12: 253. 1913. 

A. Tribe Actinostrobeae Endlicher, Syn. Conif. 3. 1847, p. p. 
1. Actinostrobus Miquel (2 species in western Australia). 
2. Callitris Ventenat (About 20 species in Australia, Tasmania, and 

New Caledonia). 

3. Fitzroya W. J. Hooker (1 species, in southern Chile). 

B. Tribe Libocedreae Li (Actinostrobeae Endlicher, op. cit., p. p.). 
Arbor vel frutex; foliis decussatim oppositis; squamis ovulatis 
4 vel 8, 2-seriatis, similibus, aequalibus vel inaequalibus. 
1. Neocallitropsis Florin (Callitropsis Compton) (1 species, New 


Caledonia ). 
2. Octoclinis F. Mueller (1 species, southwestern Australia). 


24 few doubtful records of fossil material pertaining to Callitris and Podocarpus are 
known from the Tertiary of the Northern Hemisphere. Florin noted (9, p. 73) that 
“Alleged occurrences of detached Podocarpus leaves and foliage-shoots in Tertiary 
strata of the Northern Hemisphere must as a rule be regarded with considerable 
suspicion,” and (9, p. 83) that “All the Tertiary fossil coniferous remains from 
Europe and North America supposed to belong to Callitris appear to be referable to 
the northern genus Tetraclinis.” 
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3. Widdringtonia Endlicher (5 species, South Africa and southeastern 
Tropical Africa). 
_ Diselma J. D. Hooker (1 species, Tasmania). 
. Papuacedrus Li (3 species, New Guinea, Moluccas). 
. Pilgerodendron Florin (1 species, southern Chile). 
_ Libocedrus Endlicher (5 species, southern Chile, New Zealand, 
New Caledonia). 
C. Tribe Tetraclineae Li (Tetraclinaceae Hayata in Bot. Mag. Tokyo 
46: 27. 1932). 
1. Tetraclinis Masters (1 species, Morocco, Algeria, Tunisia). 
Il. Subfamily CupressompEAE K. Koch 
A. Tribe Cupresseae Neger 
1. Cupressus Linnaeus (About 12 species, North America, Asia to 
eastern Mediterranean). 
2. Chamaecyparis Spach (About 6 species, North America, Japan, 
Formosa). 
3. Fokienia A. Henry and H. H. Thomas (1 species, southeastern 
China to Tonkin). 
B. Tribe Thujopsideae Endlicher 
1. Thujopsis Siebold & Zuccarini (1 species, Japan). 
2. Thuja Linnaeus (5 species, eastern Asia and North America). 
3. Biota D. Don ( 1 species, northeastern Asia). 
4. Heyderia K. Koch (3 species, Pacific North America, Formosa, 
Hainan, southwestern China to northern Burma). 
C. Tribe Junipereae Neger 
1. Arceuthos Antione & Kotschy (1 species, Europe to western Asia). 
2. Juniperus Linnaeus (About 60 species, widely distributed in the 
Northern Hemisphere). 


IDM 


SUMMARY 


The genus Libocedrus is found to consist of two diverse groups of species 
with basic differences in the cone structure. The genus should be limited 
to those species, all of the Southern Hemisphere, with four valvate cone- 
scales. Three species from New Guinea have ovulate scales bracteate 
below and spirally-arranged staminate scales, indefinite in number, and 
are segregated from the other species as a distinct genus Papuacedrus. 
The three northern species, with six, imbricate cone-scales, constitute 
another genus, Heyderia. The arrangement of cone-scales seems to be an 
important character in the classification of the Cupressaceae. As a result 
of the reclassification of Libocedrus, the family Cupressaceae can be 
reorganized as consisting of two subfamilies. The subfamily Callitroideae 
is composed of genera with valvate scales and can be divided into three 
tribes: Actinostrobeae, with ternate scales, Libocedreae, with paired or 
quadrate scales, and Tetraclineae, with paired dissimilar scales. The sub- 
family Cupressoideae is composed of genera with imbricate scales and can 
be divided into three tribes: Cupresseae, with thick, shield-like scales, 
Thujopsideae, with flat, more or less concave scales, and Junipereae, with 
fleshy scales coalescing at maturity. All genera of the Callitroideae, with 
the exception of the isolated Tetraclinis, are of the Southern Hemisphere, 
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while all genera of the Cupressoideae are of the Northern Hemisphere. 
This distribution pattern, together with their basic difference in the cone- 
structure, indicates that the two groups are probably of remote relation- 
ship, having been long isolated and having developed independently, like 
many other groups of conifers. 
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EXPLANATION OF PLATES 


PxaTE 1. Diagram showing the hypothetical types of cones of the genera of 


the subfamily Callitroideae and their probable relationships and directions of 
evolution. 


PLaTe 2, Diagram showing the hypothetical types of cones of the genera of 


the subfamily Cupressoideae and their probable relationships and directions of 
evolution. 
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STUDIES OF PACIFIC ISLAND PLANTS, XIV 
NOTES ON THE FIJIAN SPECIES OF CYRTANDRA 


A. C. Smitu 


THE ONLY REVISION which treats the vast genus Cyrtandra (Gesneri- 
aceae) in its entirety is that of C. B. Clarke (in DC. Monogr. Phan. 5: 
1-303. 1883), and this of course is entirely out of date. In it the 167 
recognized species of Cyrtandra are arranged in 13 sections, which have 
seemed to most subsequent students highly artificial. The total number of 
described species of the genus is now at least double the number known to 
Clarke. It may prove quite impossible to revise Cyrtandra for its entire 
range, unless some competent student is willing and able to spend many 
years at this task alone and to supplement his work by intensive field 
study. Regional solutions, however, are quite feasible, and these may 
follow the precedent set by J. F. Rock for the Hawaiian species (in Am. 
Jour. Bot. 4: 604-623. 1917, 5: 259-277. 1918, 6: 47-68, 203-216. 
1919), in which Clarke’s sections are ignored. 

The purpose of the present paper is in no sense revisional; it is intended 
only to place on record the ten species collected by me in 1947 ! that appear 
to be undescribed, and to note pertinent data concerning a few of the older 
species. With these ten new species, Cyrtandra is now represented in Fiji 
by 45 species, as contrasted with the 20 species of the region known to 
Clarke. For convenience, the sequence here followed is that of Clarke, but 
the writer hopes in the near future to revise the Fijian species, and at that 
time more suitable groupings can be devised. It is not to be supposed that 
all the Fijian Cyrtandrae are now known; on the contrary, further intensive 
collecting in the wet montane forest is certain to disclose undescribed 
entities. The genus is second in size only to Psychotria, in Fiji, and it 
definitely includes some of the most beautiful species of undershrubs and 
low trees to be found in the Melanesian forests. Specimens cited in the 
present paper are deposited in the herbaria of the Arnold Arboretum (A) 
and the U. S. National Museum (US). 


Cyrtandra victoriae Gillespie in Bishop Mus. Bull. 74: 25. fig. 34. 1930. 


Vitt Levu: Mba: Mt. Ndelaiyod, on the escarpment west of Nandarivatu, 
Smith 5081 (A, US); upper western slope of Mt. Tomanivi, Smith 5915, 5916, 
5917 (all A, US); Ra: Ridge from Mt. Namama (east of Nandarivatu) toward 
Mt. Tomanivi, Smith 5697, 5722 (A, US). 


The cited specimens are from shrubs or low trees 2-5 m. high, growing 
in dense wet forest; the flowers are large and conspicuous, the white corolla 


2These collections were made under the auspices of the Arnold Arboretum of 
Harvard University and the John Simon Guggenheim Memorial Foundation, with the 
aid of grants from the Penrose Fund of the American Philosophical Society and the 
Bache Fund of the National Academy of Sciences. 
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having a pale yellowish pubescence. This very striking species, typified 
by a Gillespie collection from Mt. Tomanivi, is one of the most beautiful 
Fijian Cyrtandrae and is fairly frequent at elevations of 900-1300 m. in 
north-central Viti Levu. The leaves vary tremendously in size during their 
development, the chief vegetative characteristic of the plant being the 
dense indument of multicellular eglandular hairs (3-8 mm. long) that 
covers all the young parts and is often long-persistent. A few supplemen- 
tary notes may be added to Gillespie’s description, as follows: Calyx 
copiously sericeous within toward base with hairs 3-4 mm. long (not 
glabrous as described), the lobes 4 or 5, lanceolate, up to 2 cm. long, the 
2 or 3 upper ones joined by the tips or laterally connate; corolla up to 4 
cm. long, 3—5 mm. in diameter at base, broadened at throat to about 15 mm. 
in diameter, copiously pilose without like the calyx, less densely short- 
pilose within, the hairs several-celled and usually gland-tipped, inter- 
spersed with very short glandular hairs, the lobes 5-6 mm. broad; disk 
glabrous, about 1.5 mm. high; ovary glabrous, the style stout, copiously 
glandular-pilose. 


Cyrtandra tomentosa A. C. Sm. in Sargentia 1: 116. 1942. 


Vitt Levu: Mba: Hills east of Nandala Creek, about 3 miles south of 
Nandarivatu, alt. 850-970 m., Smith 6237 (A, US) (shrub 2 m. high, in dense 
forest; fruit green). 


The cited specimen, the second known of the species, agrees excellently 
with the type, Degener 14889, in all respects. Its leaves are slightly larger 
(petioles up to 6 cm. long; blades up to 35 & 9 cm.). The type locality, 
Nandrau, falls in the present province of Nandronga & Navosa and is 
slightly south of the region cited above. 


Cyrtandra amicta sp. nov. 


Frutex ad 4 m., altus saepe caule simplici, ramulis incrassatis (apicem 
versus ad 2 cm. diametro) obtuse quadrangularibus juventute obscure 
pilosis mox glabratis; foliis oppositis apices ramulorum versus congestis 
magnis, petiolis crassis semiteretibus 4-12 cm. longis fere ad basim alatis 
inconspicue pilosis glabratisve, laminis in vivo carnosis in sicco papyraceis 
supra fusco-viridibus subtus pallidioribus, obovatis vel oblanceolatis, 40-70 
cm. longis, 12-22 cm. latis, inferne gradatim angustatis et in petiolum longe 
decurrentibus, apice breviter acuminatis, margine undulatis ac etiam 
irregulariter et minute calloso-serrulatis, supra glabris vel interdum pilis 
multiseptatis ad 2 mm. longis subpersistenter pilosis, subtus nervis et 
interdum facie pilis aureis debilibus 0.1-0.5 (-1) mm. longis molliter 
pilosis demum subglabratis, costa valida supra elevata subtus prominente, 
nervis secundariis utrinsecus 15-20 arcuato-adscendentibus copiose anas- 
tomosantibus supra inconspicue subtus valde elevatis, nervis tertiariis et 
rete venularum laxis supra immersis subtus prominulis; inflorescentiis 
axillaribus multifloris compacte cymosis multibracteatis laxe capitatis ad 
10 cm. diametro, bracteis omnino liberis submembranaceis oblongo- 
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lanceolatis, 25-30 mm. longis, 7-10 mm. latis, subacutis, intus basim 
versus pilis aureis debilibus pluriseptatis 2-3 mm. longis villosis cetera 
glabris; pedicellis crassis teretibus glabris sub anthesi 6-10 mm. longis; 
calyce amplo membranaceo campanulato-infundibulari sub anthesi 35—40 
mm. longo et basim versus 6-10 mm. diametro, superne latiore, extus 
glabro, intus basim versus ut bracteis debiliter piloso, inaequaliter 5-lobato, 
lobis deltoideis vel deltoideo-lanceolatis 5-12 « 3-10 mm.; corolla mem- 
branacea inconspicue nervata infundibulari sub anthesi 40-45 mm. longa 
et basim versus 5-7 mm. diametro, superne ampliata, extus glabra (inter- 
dum juvenili tubo pilis ut bracteis floccoso-villosa mox glabrata), intus 
glabra, lobis 5 leviter inaequalibus semiorbiculari-oblongis in alabastro late 
imbricatis sub anthesi patentibus 7-10 mm. longis latisque; staminibus 
glabris tubo corollae supra medium affixis, filamentis crassis leviter com- 
planatis 3-5 mm. longis, antheris oblongis 4-5 mm. longis utroque rotunda- 
tis; disco crasse carnoso glabro annulari-cupuliformi 1.5—-2 mm. alto apice 
undulato; ovario graciliter ovoideo glabro vel superne parce piloso, stylo 
crasso tereti sub anthesi circiter 15 mm. longo pilis patentibus 0.3-0.7 
mm. longis pluriseptatis capitato-glandulosis copiose piloso, stigmate 
subclavato demum bilobato, lobis complanatis; fructibus juvenilibus 
(calyce caduco) elongato-ovoideis in sicco rugulosis. 

Vitt Levu: Mba: Eastern slopes of Mt. Koroyanitu, Mt. Evans Range, 
Smith 4243, 4244 (A, US); upper western slopes of Mt. Tomanivi [Mt. Victoria], 
alt. 1100-1150 m., Sept. 6, 1947, Smith 5914 (A TypE, US); hills east of Nandala 
Creek, about 3 miles south of Nandarivatu, Smith 6223 (A, US); Nandronga 
& Navosa: Northern portion of Rairaimatuku Plateau, between Nandrau 
and Rewasau, Smith 5654 (A, US). 


The cited specimens are from often simple-stemmed shrubs 1.5—4 m. 
high, occurring at elevations of 850-1150 m. in dense forest. The bracts, 
calyx, and corolla are white, the fruit becoming white at maturity and up 
to 2.5 cm. in length. The leaves are characteristically congested toward 
the apex of the plant, concealing the densely clustered axillary inflor- 
escences. 

Cyrtandra amicta is strongly characterized by its glabrous flowers and 
its remarkably long calyx, which approximates the corolla in length and 
conceals it except for the tip. Its relationship is with C. vitiensis Seem. 
(§ Decurrentes), which it resembles closely in having its large leaf-blades 
gradually narrowed and long-decurrent at base. However, C. vitiensis has 
the calyx only about half as long as that of the new species, while its 
corolla is sericeous without. I believe that C. vitiensis is represented in 
my 1947 collections by nos. 5103, 5315, and 5848, from Mt. Tomanivi and 
vicinity; these numbers differ from the new species in the stated floral 
characters, in having the calyx uniformly long-pilose within, and in their 
more obvious and persistent foliage-indument. 


Cyrtandra occulta sp. nov. 
Frutex ad 2 m. altus, caule simplici valido apice ad 2 cm. diametro saepe 


fistuloso primo debiliter piloso mox glabrato; foliis oppositis magnis, 
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petiolis crassis canaliculatis 2-8 cm. longis ad basim alatis mox glabratis, 
laminis in vivo carnosis in sicco subcoriaceis vel chartaceis supra fusco- 
viridibus subtus pallidioribus, obovatis vel oblanceolatis, 30-40 cm. longis, 
10-16 cm. latis, basim versus gradatim angustatis et in petiolum longe 
decurrentibus, apice ut videtur acutis, margine undulato-crenulatis etiam 
irregulariter calloso-denticulatis, utrinque praecipue nervis pilis aureis 
debilibus 0.5-2 mm. longis molliter pilosis, supra mox glabratis et minute 
pustulosis, subtus demum subglabratis, costa valida supra elevata subtus 
prominente, nervis secundariis utrinsecus 18—22 curvatis obscure anastomo- 
santibus supra subplanis subtus prominentibus, nervis tertiariis et venulis 
laxis subimmersis; inflorescentiis axillaribus multifloris compacte cymosis 
subcapitatis 3.5-5 cm. diametro multibracteatis, bracteis extimis in 
involucrum latum cupuliforme connatis submembranaceis utrinque copiose 
tomentosis, pilis pallide aureis debilibus pluriseptatis extus 2-3 mm. 
longis demum caducis intus 5-8 mm. longis densissimis persistentibus, 
bracteis interioribus numerosis membranaceis oblongis ad 3 x 1.5 cm. 
similiter pilosis; pedicellis crassis (2-3 mm. diametro) teretibus sub anthesi 
5-10 mm. longis persistenter debiliter pilosis (pilis 2-3 mm. longis plurisep- 
tatis) ; calyce membranaceo campanulato sub anthesi 20-22 mm. longo et 
basim versus circiter 10 mm. diametro superne latiore, utrinque pilis eis 
bractearum similibus densissiie sericeo, apice in lobos deltoideo-lanceolatos 
inaequaliter fisso; corolla membranacea infundibulari sub anthesi 30-35 
mm. longa et basim versus 5-7 mm. diametro, superne ampliata, extus 
pilis 5-7 mm. longis septatis copiose et persistenter sericeo-tomentella, 
intus praeter basim versus ubique copiosissime glanduloso-pilosa (pilis 
minutis patentibus, stipite ad 0.2 mm. longo vel subnullo plerumque 2—4- 
septato apice capitato-glanduloso) , lobis 5 subaequalibus oblongis rotundatis 
5-7 mm. longis latisque; staminibus glabris tubo corollae medium versus 
affixis, filamentis crassis leviter complanatis circiter 5 mm. longis, antheris 
oblongis circiter 4 mm. longis utroque rotundatis; disco crasse carnoso 
glabro annulari-cupuliformi 1.5-2 mm. alto margine integro; ovario 
graciliter ovoideo glabro, stylo crasso tereti sub anthesi 10-15 mm. longo 
superne pilis pluriseptatis 0.2-0.5 mm. longis capitato-glandulosis copiose 
piloso, stigmate subpeltato bilobato; fructibus juvenilibus (calyce caduco) 
elongato-ovoideis apice acutis. 


Vitt Levu: Mba: Upper western slopes of Mt. Tomanivi [Mt. Victoria J, alt. 
1100-1150 m., Sept. 6, 1947, Smith 5913 (A tvpE, US) (simple-stemmed shrub 
2 m. high, in dense forest; bracts greenish white; corolla and young fruit white) ; 
Naitasiri: Northern portion of Rairaimatuku Plateau, between Mt. Tomanivi 
and Nasonggo, alt. 870-970 m., Smith 5792 (A, US) (simple-stemmed_ shrub 
1-2 m. high, in dense forest; bracts white). 


The species here described closely resembles in foliage C. vitiensis Seem. 
and C. amicta, above described, and is probably also referable to § Decur- 
rentes. It is readily characterized by its large subcapitate inflorescence 
surrounded by coalescent and copiously pilose outer bracts, by having its 
large calyx densely long-sericeous on both sides. and by its copiously 
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sericeous corolla, which is densely glandular-pilose within. An examined 
isotype of C. vitiensis (Seemann 277, from the vicinity of Namosi) at the 
Gray Herbarium has lost the outer bracts of the inflorescence, and so a 
comparison on this score cannot be made. However, C. occulta differs ob- 
viously from C. vitiensis in its densely pilose calyx. From C. amicta the 
new species is readily separated by its large coalescent bracts, its more 
copious inflorescence-indument, its shorter calyx, and the glandular in- 
dument of the inner surface of its corolla, as well as by obvious differences 
in leaf-texture, surface, and venation. 


Cyrtandra leucantha sp. nov. 


Frutex ad 3 m. altus, ramulis gracilibus apices versus subquadrangu- 
laribus 3-5 mm. diametro pilis brunneis pluriseptatis 0.5—0.8 mm. longis 
patentibus copiose indutis demum subglabratis; foliis oppositis apices 
ramulorum versus subcongestis, petiolis gracilibus leviter canaliculatis vel 
semiteretibus 3—6 cm. longis ut ramulis juvenilibus pilosis, laminis in sicco 
papyraceis supra fusco-viridibus subtus pallidioribus, oblanceolatis vel 
obovatis, 20-37 cm. longis, 7.5-14 cm. latis, inferne gradatim angustatis 
et in petiolum longe decurrentibus, apice breviter acuminatis vel cuspidatis, 
margine copiose sed irregulariter calloso-serratis, supra pilis multiseptatis 
1—1.5 mm. longis copiose patenti-pilosis, margine pariter ciliatis, subtus 
etiam copiose pilosis (pilis nervorum similibus, eis facie pallidioribus inter- 
dum unicellularibus 0.3-0.5 mm. longis), costa et nervis secundariis utrin- 
secus 9-13 arcuato-adscendentibus supra subplanis subtus prominentibus 
vel valde elevatis, nervis tertiariis et rete venularum intricato supra im- 
mersis subtus prominulis; inflorescentiis axillaribus cymosis multifloris 
congestis, bracteis liberis papyraceis ellipticis vel suborbicularibus, 6-8 mm. 
diametro, apice rotundatis, margine distali undulatis, utrinque glabris vel 
basim versus obscure pilosis, pedunculo brevi, pedicellis gracilibus sub 
anthesi 6—9 mm. longis glabris; calyce submembranaceo cylindrico-cam- 
panulato, sub anthesi 16-17 mm. longo, basim versus circiter 5 mm. 
diametro superne ad 8-9 mm. diametro gradatim ampliato, extus praeter 
basim versus pilis numerosis patentibus 0.5-1 mm. longis (stipitibus 
3—6-septatis gracilibus apice capitato-glandulosis raro eglandulosis) prae- 
dito, intus glabro basi sericeo excepto, lobis 5 suberectis subaequalibus 
deltoideis circiter 3 4 mm. apice obscure calloso-mucronulatis; corolla 
membranacea cylindrica sub anthesi circiter 20 mm. longa et basim versus 
4 mm. diametro, faucibus paullo ampliata, extus superne ut calyce glandu- 
loso-pilosa, intus glabra, lobis 5 subaequalibus patentibus suborbicularibus 
circiter 4 mm. diametro; staminibus tubo corollae supra medium affixis, 
filamentis gracilibus 2-3 mm. longis, antheris ellipsoideis circiter 3 mm. 
longis; disco glabro breviter tubuloso circiter 1.5 mm. alto; ovario graciliter 
ovoideo glabro, stylo crasso circiter 8 mm. longo parce glanduloso-piloso, 
stigmate complanato bifido; fructibus ellipsoideis maturis circiter PS mm. 
longis in sicco rugulosis, apice styli basi apiculatis, calycis limbo et disco 
mox caducis sed pilis calycis basis subpersistentibus. 


42 JOURNAL OF THE ARNOLD ARBORETUM _ [VvoL. xxxIv 


Vitr Levu: Mba: Western slopes of Mt. Nanggaranambuluta [Lomalangi], 
east of Nandarivatu, alt. 850-1000 m., Smith 4767 (A, US) (mbeta kaz; simple 
shrub 1-1.5 m. high, in dense forest; fruit white), 6312 (A TypE, US) (Oct2s 
1947; shrub 3 m. high, in dense forest; calyx and corolla white); vicinity of 
Nandarivatu, alt. 800-900 m., Degener & Ordonez 13523 (A, US) (shrub to 2 m. 
high, in dark wet forest; calyx and corolla white); Nandala, near Nandarivatu, 
Degener 14836 (A, US) (mbeta; sparingly branched shrub 2 m. high, in dense 
forest; bracts white). 


The last two specimens cited were originally distributed as C. glandulosa 
Gillespie, a species similar in the indument of its calyx and corolla. Further 
examination indicates that these plants do not represent C. glandulosa, 
which, however, appears to occur in my present collection in no. 4129 
(A, US), from the Mt. Evans Range of northwestern Viti Levu. The new 
species here described differs from C. glandulosa in the much shorter indu- 
ment of its branchlets and leaves. in having its leaf-blades long-attenuate 
at base and the petiole comparatively short and slender, in its much smaller 
inflorescence-bracts, its comparatively small flowers, its white rather than 
yellow corolla, and its caducous calyx. The fact that the calyx of C. leucan- 
tha is not saccate and persistent would, in Clarke’s system, remove it from 
the alliance of C. glandulosa. A closer relative of the new species is per- 
haps C. desvoeuxii Horne ex Clarke (represented in my present collection 
by no. 5101 [A, US], from Mt. Tomanivi), which Clarke placed in his 
§ Aureae. Cyrtandra desvoeuxii is a very robust species, with flowers ap- 
proaching those of C. glandulosa in size. It is possible that C. glandulosa 
also belongs in § Aureae rather than in § Campanulaceae, where it was 
placed by Gillespie. 


Cyrtandra chlorantha sp. nov. 


Frutex ad 4 m. altus, ramulis gracilibus obscure quadrangularibus apices 
versus 3-4 mm. diametro pilis patentibus 2-4 mm. longis multiseptatis 
brunneis eglandulosis (vel interdum capitato-glandulosis) copiose indutis 
demum subglabratis; foliis oppositis, petiolis gracilibus leviter canaliculatis 
3—4 cm. longis ut ramulis juvenilibus pilosis, laminis in sicco papyraceis 
supra fusco-viridibus subtus pallidioribus, lanceolatis vel anguste ellipticis, 
14-19 cm. longis, 5-8 cm. latis, basi attenuatis et in petiolum longe decur- 
rentibus, apice cuspidatis, margine dentibus irregularibus 1 vel 2 per cen- 
timetrum calloso-serratis, supra dispersim pilosis (pilis multiseptatis 1.5— 
3 mm. longis), subtus similiter pilosis vel pilis faciei brevioribus, margine 
pariter ciliatis, costa supra leviter elevata subtus prominente, nervis secun- 
dariis utrinsecus 7-9 adscendentibus supra planis subtus elevatis, rete 
venularum supra subimmerso subtus prominulo; inflorescentiis axillaribus 
cymosis paucifloris, pedunculo ad 1 cm. longo subglabrato, bracteis liberis 
papyraceis ellipticis vel ovatis, 12-16 mm. longis, subacutis, margine 
undulatis, utrinque pilis multiseptatis 1-2 mm. longis plerumque capitato- 
glandulosis parce patenti-pilosis, pedicellis gracilibus sub anthesi 5-8 mm. 
longis superne ut calyce pilosis; calyce submembranaceo campanulato sub 
anthesi 15-18 mm. longo et basim versus 5 mm. diametro superne ad 
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10 mm. diametro ampliato, extus pilis 2-3 mm. longis pluriseptatis capitato- 
glandulosis (glandulis interdum caducis) copiose et uniformiter patenti- 
piloso, intus similiter sed parcius pilosis, lobis 5 inaequalibus deltoideis 
2—5 mm. longis obtusis; corolla membranacea cylindrica viridi sub anthesi 
circiter 22 mm. longa et basim versus 5 mm. diametro, extus ut calyce 
copiose et subtiliter glanduloso-pilosa, intus glabra, apice in lobos 5 sub- 
aequales late imbricatos suborbiculares circiter 5 mm. diametro abrupte 
-incrassata; staminibus tubo corollae supra medium affixis, filamentis cir- 
citer 5 mm. longis, antheris ellipsoideis circiter 3.5 mm. longis; disco 
cupuliformi glabro circiter 1 mm. alto; ovario ovoideo glabro, stylo circiter 
10 mm. longo pilis ad 0.5 mm. longis glanduloso-piloso, stigmate bifido. 


Virt Levu: Naitasiri: Northern portion of Rairaimatuku Plateau, between 
Mt. Tomanivi [Mt. Victoria] and Nasonggo, alt. 870-970 m., Aug. 21, 1947, 
Smith 5789 (A type, US) (shrub 3-4 m. high, in dense forest; bracts and calyx 
pale green; mature corolla bright green; anthers white; young fruit green). 


The new species is of the general relationship of C. leucantha, described 
above, and for the present appears best referred to § Aureae. Cyrtandra 
chlorantha is readily distinguished from C. leucantha by its longer vegeta- 
tive indument, smaller leaves, larger and pilose inflorescence-bracts, the 
markedly longer hairs of its calyx and corolla, and the striking bright green 
color of the latter. With C. desvoeuxii Horne ex Clarke and possibly 
C. glandulosa Gillespie, the two new species here described make up a 
group readily characterized, among the Fijian species, by their glandular- 
pilose flowers. 


Cyrtandra bracteolosa sp. nov. 


Arbor gracilis ad 5 m. alta, habitu partibus juvenilibus minute et 
evanescenter furfuraceis exceptis glabra, ramulis gracilibus apices versus 
subquadrangularibus 2—3 mm. diametro inferne subteretibus cinerascen- 
tibus, internodiis 1.5—5 cm. longis; foliis oppositis, petiolis gracilibus leviter 
canaliculatis 1-2.5 cm. longis, laminis chartaceis in sicco viridibus, lanceo- 
latis, (11-) 14-19 cm. longis, (3.5—) 4-6 cm. latis, basi attenuatis et in 
petiolum decurrentibus, apice gradatim longe acuminatis, margine dentibus 
1-2 cm. remotis calloso-apiculatis manifeste undulato-crenatis, costa supra 
paullo elevata subtus prominente, nervis secundariis utrinsecus 5—8 arcuato- 
adscendentibus supra subplanis subtus elevatis marginem versus inter- 
connexis, rete venularum laxo supra immerso subtus prominulo; inflores- 
centiis e nodis defoliatis orientibus cymosis, aliquot dichotome ramulosis, 
ad 6 cm. longis, paucifloris (floribus plerumque mox caducis), pedunculo 
ramulisque teretibus gracillimis (0.4-0.7 mm. diametro), pedunculo 10- 
25 mm. longo, internodiis 7-15 mm. longis; bracteis bracteolisque ad nodos 
subpersistentibus papyraceis vel submembranaceis oblongo-linearibus, 4— 
7 mm. longis, 0.8-1.2 mm. latis, obtusis 1-nerviis, distalibus dorso saepe 
obscure furfuraceis; floribus e nodis apicalibus solitariis, pedicello tereti 
3-5 mm. longo; calyce membranaceo cupuliformi 4-5 mm. longo demum 
subrotato caduco, manifeste nervato, ad medium 5-lobato, lobis subaequali- 
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bus late deltoideis subacutis; corolla non visa; fructibus juvenilibus ellip- 
soideis levibus, stylo crasso circiter 5 mm. longo, stigmate incrassato 
bilobato. 

Vitt Levu: Mba: Hills east of Nandala Creek, about 3 miles south of 
Nandarivatu, alt. 850-970 m., Sept. 25, 1947, Smith 6232 (A TYPE, US) (slender 
tree 5 m. high, in dense forest; young fruit green). 


The cited specimen, although lacking corollas, seems definitely to rep- 
resent a new species related to the species of § Polynesieae with freely 
branching inflorescences; this group in Fiji includes C. denhamii Seem.., 
C. ciliata Seem., C. taviunensis Gillespie, and perhaps C. montana Gillespie. 
The new species differs from all of these in its narrow, linear bracteoles. 
These bracteoles bear a superficial resemblance to the calyx-lobes of 
C. ciliata, but actually the calyces of the two species are very dissimilar, 
and foliage differences are also pronounced. In comparison with C. brac- 
teolosa, C. taviunensis has much larger bracteoles and calyx, while C. mon- 
tana has the leaves and bracteoles considerably smaller and the calyx 
larger. Cyrtandra denhamii, apparently the closest ally of the new species, 
is very imperfectly known, but it is described as having an elongate 
peduncle, oblong bracteoles about 1 cm. long, and a subspathaceous calyx. 


Cyrtandra trichophylla sp. nov. 


Arbor gracilis ad 6 m. alta, ramulis apices versus subteretibus 3-6 mm. 
diametro pilis pallidis ad 1.5 mm. longis obscure pluriseptatis copiose 
indutis, demum incrassatis ad 15 mm. diametro glabratis cinereis rugulosis; 
foliis oppositis, petiolis crassis (3-5 mm. diametro) leviter canaliculatis 
1—2.5 cm. longis ut ramulis juvenilibus pilosis glabratisque, laminis in vivo 
carnosis in sicco subcoriaceis fuscescentibus, obovatis vel obovato-ellipticis, 
(12—) 14-28 cm. longis, (4-) 5.5-11 cm. latis, basi acutis vel attenuatis 
et in petiolum decurrentibus, apice breviter acuminatis vel cuspidatis, mar- 
gine dentibus 1-3 per centimetrum inconspicue calloso-serratis, supra 
glabris (juventute dispersim sericeis), subtus pilis subtilibus pallidis 0.8— 
1.5 mm. longis obscure pluriseptatis densissime molli-sericeis, costa supra 
plana vel leviter elevata subtus prominente, nervis secundariis utrinsecus 
7-11 adscendentibus vel erecto-patentibus supra planis subtus valde eleva- 
tis, rete venularum utrinque immerso; inflorescentiis trunco vel ramulis 
infra folia enatis vel interdum axillaribus, simpliciter cymosis, plerumque 
3 (interdum 2- vel 4-)-floris, pedunculo pedicellisque gracilibus longitu- 
dine subaequalibus (vel pedunculo interdum subnullo) sub anthesi 10— 
15 mm. longis copiose pilosis (pilis subpatentibus pluriseptatis 1-2 mm. 
longis) demum subglabratis; bracteis apice pedunculi in involucrum papy- 
raceum monophyllum coalitis ad 10 mm. longis latisque, apice obtusis, 
utringue ut pedicellis copiose pilosis (indumento intus persistentiore) 
demum deciduis; calyce subcarnoso campanulato sub anthesi 15-17 mm. 
longo et basim versus 6-7 mm. diametro superne ad 10-12 mm. ampliato 
utrinque (intus saepe densius) pilis eis pedicelli similibus copiose sericeo, 
lobis 5 subaequalibus deltoideo-lanceolatis acutis 5-7 mm. longis; corolla 
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infundibulari sub anthesi circiter 25 mm. longa, tubo subcarnoso basim 
versus 3—5 mm. diametro faucibus ampliato extus superne ut calyce piloso 
intus glabro, lobis 5 subaequalibus sub anthesi patentibus submembranaceis 
oblongo-suborbicularibus 7-8 mm, diametro intus inconspicue pilosis (pilis 
debilibus 0.3-0.5 mm. longis stipitatis capitato-glandulosis); staminibus 
apicem tubi corollae versus affixis, filamentis 2-3 mm. longis, antheris 
ellipsoideis circiter 2 mm. longis; disco carnoso breviter cylindrico glabro 
1-2 mm. alto; ovario anguste ellipsoideo glabro, stylo crasso circiter 10 mm. 
longo superne parce glanduloso-piloso, stigmate complanato obscure bilo- 
bato; fructibus ellipsoideis in vivo ad 4 & 2.5 cm. in sicco rugulosis, 
calyce caduco. 


Vit Levu: Ra: Ridge from Mt. Namama (east of Nandarivatu) toward Mt. 
Tomanivi [Mt. Victoria], alt. 1050-1120 m., Aug. 18, 1947, Smith 5698 (A rvpr, 
US) (tree 5 m. high, in dense forest; corolla and stamens white; fruit when 
fresh white, ellipsoid, about 4 <2 cm., greatly shrinking in drying); Mba: 
Hills east of Nandala Creek, about 3 miles south of Nandarivatu, alt. 850-970 m.., 
Smith 6246 (A, US) (slender tree 6 m. high, in dense forest; calyx green, with 
brown pubescence; corolla and anthers white; fruit white, when fresh about 
4 2.5 cm., greatly shrinking in drying). 


A species of § Polynesieae, the new species forms, with C. involucrata 
Seem. and C. gillespieana A. C. Sm. [C. monticola Gillespie], a group char- 
acterized by simple inflorescences with the two bracts joined to form a 
cup-like involucre. Cyrtandra trichophylla differs from its relatives in the 
prevailingly obovate, larger, and thick-textured leaves, of which the lower 
surface is very densely sericeous with long, pale, obscurely septate hairs, 
and in its comparatively large calyx and corolla, the former being copiously 
sericeous on both sides. 


Cyrtandra esothrix sp. nov. 


Frutex vel arbor gracilis ad 6 m. alta, partibus novellis copiose sed 
minute brunneo-puberulis, ramulis gracilibus apices versus subquadrangu- 
laribus demum glabratis, internodiis 1-2.5 (—4) cm. longis; foliis oppositis, 
petiolis gracilibus leviter canaliculatis vel semiteretibus 1-3 (—3.5) cm. 
longis ut ramulis puberulis glabratisque, laminis papyraceis in sicco viridi- 
bus vel fusco-viridibus, lanceolatis vel obovato-ellipticis, 10-18 cm. longis, 
3-6 cm. latis, basi attenuatis et in petiolum decurrentibus, apice acuminatis 
et calloso-apiculatis, margine dentibus 1-3 per centimetrum calloso-mucro- 
nulatis conspicue serratis, supra glabris vel nervis parce puberulis, subtus 
nervis (et plerumque facie) primo pilis 0.1-0.3 mm. longis copiose puberu- 
lis demum subglabratis, costa supra subplana subtus prominente, nervis 
secundariis utrinsecus 7 vel 8 adscendentibus supra planis subtus elevatis, 
rete venularum laxo subtus prominulo; inflorescentiis cymosis axillaribus 
etiam infra folia enatis breviter pedunculatis plerumque unifloris raro 
bifloris, bracteis bracteolisque oppositis inconspicuis deltoideis vel oblongis 
1.5-2.5 mm. longis obtusis mox caducis, pedicellis gracilibus sub anthesi 
5-15 mm. longis cum pedunculo bracteisque ut ramulis juvenilibus puberu- 
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lis demum glabratis; calyce subcarnoso in alabastro ovoideo et calloso- 
mucronulato, sub anthesi 8-12 mm. longo in lobos 2 vel 3 ovatos 3-4 mm. 
longos cuspidatos irregulariter rumpente, extus glabro vel basim versus 
parce puberulo, intus pilis crassis adscendentibus fulvis subrigidis 3—5- 
septatis 0.8-1.5 mm. longis copiose sericeo, mox caduco; corolla mem- 
branacea cylindrica inconspicue curvata ubique glabra sub anthesi ad 
22 mm. longa, basim versus 5-6 mm. diametro superne ampliata, lobis 3 
inferioribus rotundato-oblongis 5—6 mm. longis, 2 superioribus paullo 
minoribus; staminibus glabris tubo supra medium insertis, filamentis 
circiter 3 mm. longis, antheris oblongis circiter 2 mm. longis utroque rotun- 
datis; disco carnoso annulari glabro circiter 1.5 mm. alto; gynoecio glabro, 
ovario subcylindrico-ovoideo, stylo crasso sub anthesi circiter 4 mm. longo 
demum elongato, stigmate subcapitato; fructibus anguste ovoideis ad 2 cm. 
longis in sicco rugulosis. 


Vitt Levu: Naitasiri: Northern portion of Rairaimatuku Plateau, between 
Mt. Tomanivi [Mt. Victoria] and Nasonggo, alt. 870-970 m., Sept. 18, 1947, 
Smith 6134 (A type, US) (slender tree 4-6 m. high, forming dense thickets in 
forest; calyx white in bud, at length pale green; corolla and young fruit white) ; 
Mba: Western and southern slopes of Mt. Tomanivi, alt. 850-1150 m., Smith 
5098, 5267 (A, US) (shrubs 3-4 m. high, in dense forest; calyx pale green; 
corolla and fruit white). 


A member of § Polynesieae, C. esothrix appears to be most closely re- 
lated to C. coleoides Seem., a species with the same type of irregularly 
splitting calyx and a similar, but sparser, vegetative indument. The new 
species differs from C. coleoides most obviously in having the calyx copi- 
ously sericeous within (rather than glabrous), the several-celled hairs con- 
spicuously protruding as soon as the calyx-bud breaks, and in having the 
flowers usually one per inflorescence (rather than several). Cyrtandra 
coleoides is a not infrequent species in upland Viti Levu, being represented 
in my present collection by nos. 5259, 5628, and 5813; its leaves are 
slightly larger than those of the new species and have the margins merely 
undulate rather than sharply serrate, while the indument of the nerves 
on the lower surface is evanescent. 


Cyrtandra greenwoodiana sp. nov. 


Arbor vel frutex ad 6 m. altus, ramulis gracilibus sub anthesi subquad- 
rangularibus 1-3 mm. diametro et pilis fusco-brunneis pluriseptatis 0.1— 
0.3 mm. longis copiose et arcte indutis, mox glabratis subteretibus, in- 
ternodiis 1-2 cm. longis; foliis oppositis, petiolis gracilibus semiteretibus 
(0.7-) 1-3 cm. longis ut ramulis pilosis glabratisque, laminis in sicco 
chartaceis saepe viridibus subtus pallidioribus, oblongo-ellipticis, (4—) 
6-15 cm. longis, (2—) 4-6 cm. latis, basi obtusis, apice abrupte cuspidatis 
vel breviter acuminatis, margine dentibus irregularibus 1 vel 2 per cen- 
timetrum apiculatis manifeste undulato-serratis, supra glabris, subtus costa 
nervisque secundariis ut petiolis (saepe sparsim) pilosis alioqui glabris, 
costa et nervis secundariis utrinsecus 5-8 curvatis patentibus supra sub- 
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planis subtus valde elevatis, rete venularum subimmerso vel subtus laxe 
prominulo; inflorescentiis axillaribus unifloris, pedunculo gracili 5-12 mm. 
longo primo ut ramulis juvenilibus arcte piloso sub fructu subglabrato, 
bracteis apice pedunculi binis minutis lanceolatis 1-2 mm. longis arcte 
strigillosis caducis, pedicello pedunculum subaequante vel sub fructu ad 
15 mm. longo similiter strigilloso; calyce submembranaceo inaequilater- 
aliter campanulato, in alabastro clauso et conspicue caudato-apiculato, sub 
anthesi irregulariter fisso saepe subspathaceo, 15-16 mm. longo, 5-7 mm. 
diametro, utrinque pilis eglandulosis pluriseptatis (extus 0.2-0.3 mm. 
longis caducis, intus ad 0.7 mm. longis persistentibus) induto, lobis 5 
lanceolatis 5—7 mm. longis, saepe omnino ad apicem connatis, interdum 1 
vel 2 liberis aliis connatis, calyce e basi mox caduco; corolla membranacea 
infundibulari sub anthesi lobis inclusis 20-25 mm. longa et basim versus 
3-5 mm. diametro superne ampliata, tubo utrinque glabro, lobis 5 sub- 
aequalibus oblongo-suborbicularibus circiter 5 mm. longis intus subtiliter 
et minute glanduloso-pilosis; staminibus in faucibus corollae insertis, fila- 
mentis 2-3 mm. longis, antheris ellipsoideis longitudine aequalibus; disco 
annulari-pulvinato haud 0.5 mm. alto; ovario anguste ellipsoideo glabro, 
stylo crasso circiter 7 mm. longo obscure glanduloso-piloso, stigmate in- 
crassato bilobato; fructibus ellipsoideis in vivo circiter 2.5 cm. longis in 
sicco rugulosis, basi styli subpersistente. 

Viti Levu: Mba: Mt. Nairosa, eastern flank of Mt. Evans Range, alt. about 
1050 m., May 14, 1947, Smith 4412 (A Typr, US) (tree or shrub 4-6 m. high, in 
crest thickets at base of ultimate pinnacle; corolla and fruit pure white, the 
mature fruit about 2.5 X 1.5 cm., shrinking in drying); northern portion of Mt. 
Evans Range, between Mt. Vatuyanitu and Mt. Natondra, alt. 700-900 m., 
Smith 4304 (A, US) (slender tree 5 m. high, in dense forest; calyx pale green; 
corolla and fruit white); Mt. Evans Range, alt. about 970 m., Greenwood 1260 
(US) (shrub 3-4 m. high, in thick forest; flowers white). 


Cyrtandra greenwoodiana is characterized by the close (and often sparse) 
indument of its vegetative parts and inflorescence, its one-flowered inflores- 
cence with minute bracts subtending the solitary pedicel, and its large, 
unevenly cleft, often one-sided and subspathaceous calyx, which is densely 
short-pilose within. A member of § Polynesieae, its closest ally seems to 
be C. pritchardii Seem., from which it differs in its more obvious indument, 
its slightly smaller leaves, its consistently one-flowered inflorescence, and 
its much larger calyx and corolla. The calyx of C. pritchardii is only about 
7 mm. long and is subequally 5-lobed, and its corolla is about 16 mm. 
long. It is probable that some of the specimens from central Viti Levu 
identified as C. pritchardii will be better referred to the new species, but a 
final circumscription of Seemann’s species (type from Ovalau) may be 
delayed until the genus is revised for Fiji. Another species of this rela- 
tionship, C. spathacea A. C. Sm. (type from Kandavu), is essentially 
glabrous throughout and has much larger, many-nerved leaves. It is a 
pleasure to name the new species for Mr. William Greenwood, a long-time 
resident of Fiji, who has collected many unusual species on the Mt. Evans 


Range of northwestern Viti Levu. 
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Cyrtandra harveyi Seem. Fl. Vit. 182. 1866; C. Bi Clarke in DC; 
Monogr. Phan. 5: 281. 1883. 
Vanua Levu: Mathuata: Southern base of Mathuata Range, north of 
Natua, Smith 6761 (A, US); slopes of Mt. Numbuiloa, east of Lambasa, Smith 
6343 (A, US), 6529 (A, US). 


Cyrtandra harveyi (§ Polynesieae) is one of the most frequent species 
of the genus in Fiji at low elevations, occurring from near sea-level up to 
500 m. in the forest undergrowth, especially on Vanua Levu. In addition 
to the recently collected material above cited it is represented by: Vanua 
Levu: Harvey (type at Kew, isotype at Gray Herbarium), Smith 367, 
1847, Degener & Ordonez 13899, 13969, 14088; Viti Levu: B. E. Parham 
17, Tabualewa 15596. The specimens are from shrubs or slender trees 
1-4 m. high; the corolla is cream white to pale yellow, and the mature 
fruit is white and about 2 * 1 cm., with a quickly caducous calyx. 

Although the available specimens show some variability in leaf-size and 
marginal serration, there seems no doubt that they represent the same 
well circumscribed species. The branchlets, petioles, pedicels, and calyx 
are copiously and closely sericeous with dark golden subascending (less 
commonly subspreading) several-celled hairs 0.2-1 mm. long, both leaf- 
surfaces being similarly pilose but eventually subglabrate; the inflorescence 
is axillary or lateral below the leaves, openly cymose, pedunculate, incon- 
spicuously bracteate, 2—4-flowered; the calyx is closed and apiculate in 
bud, eventually 10-12 mm. long and unequally (sometimes deeply) 5- 
lobed; the corolla is 20-25 mm. long, subequally 5-lobed, copiously to 
sparsely spreading-pilose with several-celled gland-tipped hairs 0.1—-0.5 mm. 
long; the stamens are highly placed on the corolla; and the style often 
equals the corolla in length, having scattered glandular hairs distally. 


Cyrtandra xanthantha sp. nov. 


Frutex ad 4 m. altus, ramulis subteretibus vel obscure quadrangularibus 
apices versus 1.5—3 mm, diametro et pilis patentibus fusco-brunneis pluri- 
septatis 0.8-1.5 mm. longis copiose indutis, demum glabratis, internodiis 
brevibus 5-8 mm. longis, nodis subincrassatis; foliis oppositis, petiolis 
gracilibus basim versus canaliculatis 5-15 mm. longis ut ramulis juvenil- 
ibus patenti-pilosis, laminis chartaceis in sicco fusco-viridibus lanceolatis. 
(8—) 11-18 cm. longis, (3—) 4-5.5 cm. latis, basi acutis sed haud decur- 
rentibus, apice calloso-acuminatis, margine dentibus circiter 2 per cen- 
timetrum calloso-apiculatis inconspicue denticulatis, utrinque pilis plurisep- 
tatis 0.5-1 mm. longis dispersim patenti-pilosis, costa nervisque secundariis 
utrinsecus 7-9 subadscendentibus supra subplanis subtus valde elevatis, 
rete venularum supra immerso subtus prominulo; inflorescentiis axillaribus 
simpliciter cymosis 3—4-floris, pedunculo pedicellisque longitudine sub- 
aequalibus 5-10 mm. longis gracilibus ut ramulis juvenilibus copiose pilosis, 
indumento pedicelli pallido, bracteis mox caducis non visis; calyce mem- 
branaceo campanulato sub anthesi 5—6 mm. longo, extus ut pedicellis piloso 
(pilis pallidis 0.5-1.3 mm. longis multiseptatis eglandulosis), intus glabro, 
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fere ad basim 5-lobato, lobis deltoideis subacutis, 3 interdum altiuscule 
connatis; corolla membranacea infundibulari sub anthesi lobis inclusis 22— 
25 mm. longa et basi 4-5 mm. diametro superne leviter ampliata, extus 
pilis subtilibus pluriseptatis 0.2-0.4 mm. longis capitato-glandulosis copiose 
sed inconspicue induta, intus glabra, lobis 5 subaequalibus oblongo-subor- 
bicularibus 4—6 mm. longis; staminibus apicem corollae tubi versus insertis, 
filamentis 2-3 mm. longis, antheris ellipsoideis circiter 2 mm. longis; disco 
carnoso cupuliformi glabro circiter 1.5 mm. alto; ovario anguste ellip- 
soideo glabro, stylo 7-10 mm. longo subtiliter glanduloso-piloso, stigmate 
incrassato bifido; fructibus immaturis ellipsoideis ad 1.5 cm. longis rugu- 
losis styli basi persistente coronatis. 


Vitt Levu: Mba: Slopes of the escarpment north of Nandarivatu, alt. 550- 
800 m., Sept. 29, 1947, Smith 6277 (A Typr, US) (shrub 3-4 m. high, in woods 
along stream; calyx white; corolla pale yellow, the lobes at first greenish, then 
yellow). 


Cyrtandra xanthantha is a species of § Polynesieae, characterized by its 
simple, few-flowered inflorescence with caducous bracts, its comparatively 
small and deeply 5-lobed calyx being eglandular-pilose without and gla- 
brous within, and its corolla being 22-25 mm. long and finely glandular- 
pilose without. Its closest relatives seem to be C. harveyi Seem. and C. 
pritchardiit Seem. From C. harveyi it differs in the more obvious and more 
definitely spreading indument of its vegetative parts and inflorescence, its 
smaller and comparatively short-petiolate leaves, and its smaller, more 
deeply lobed calyx. Cyrtandra pritchardii is a more distant ally, differing 
obviously from the new species in its closer and sparser indument (essen- 
tially lacking on the flowers) and its longer-petiolate, more conspicuously 
toothed leaves. 


Cyrtandra jugalis sp. nov. 


Frutex vel arbor parva ad 5 m. alta, ramulis gracilibus subteretibus vel 
obscure quadrangularibus apices versus copiose pilosis (pilis patentibus 
fuscis 0.4-0.7 mm. longis 3—7-septatis) inferne glabratis; foliis oppositis, 
petiolis leviter canaliculatis (5-) 10-25 (-30) mm. longis ut ramulis 
juvenilibus pilosis superne angulatis haud alatis, laminis chartaceis in sicco 
fusco-viridibus subtus saepe pallidioribus, lanceolatis vel lanceolato-ellip- 
ticis, (6-) 10-19 cm. longis, (1.5—) 2.5-5 (-6) cm. latis, basi acutis vel 
subattenuatis, apice gradatim acuminatis et calloso-apiculatis, margine den- 
tibus 2 vel 3 per centimetrum calloso-mucronulatis conspicue et irregu- 
lariter serratis, supra glabris, subtus molliter pilosis (pilis fusco-aureis 
0.3-0.5 mm. longis inconspicue pluriseptatis saltem nervis longe persisten- 
tibus), costa supra subplana subtus prominente, nervis secundariis utrin- 
secus 5-8 longe adscendentibus supra planis subtus inconspicue elevatis, 
rete venularum laxo subimmerso; inflorescentiis axillaribus vel ramulis 
defoliatis enatis simpliciter cymosis plerumque 3-floris pedunculatis, pedun- 
culo gracili 2-6 cm. longo raro subnullo cum pedicellis bracteisque ut 
ramulis juvenilibus piloso (pilis patentibus vel subadscendentibus 0.2— 
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0.7 mm. longis) ; bracteis apice pedunculi binis ovato-lanceviatis, 5—13 mm. 
longis, 1.5-4 mm. latis, subacutis, basi non vel haud connatis, demum 
caducis; pedicellis gracilibus sub anthesi et fructu (8—) 15-25 mm. longis; 
calyce subcarnoso in alabastro ovoideo longe apiculato, sub anthesi cam- 
panulato 10-14 mm. longo apice ad 12 mm. diametro utrinque ut pedicello 
piloso, ad medium 5-lobato, lobis subaequalibus deltoideo-lanceolatis acu- 
minatis 5-8 mm. longis; corolla membranacea infundibulari sub anthesi 
lobis inclusis 18-24 mm. longa basi 2.5—4 mm. diametro superne ampliata, 
extus pilis pallidis pluriseptatis 0.4-1 mm. longis molliter patenti-pilosa, 
tubo intus glabro, lobis 5 subaequalibus suborbicularibus sub anthesi 
patentibus 5-8 mm. diametro intus copiose glanduloso-pilosis (pilorum 
stipitibus pluriseptatis 0.1-0.3 mm. longis); staminibus apicem corollae 
tubi versus insertis, filamentis crassis 1-2 mm. longis, antheris oblongis 
2-3 mm. longis utroque rotundatis; disco carnoso glabro pulvinato-cupuli- 
formi 1-1.5 mm. alto apice undulato; ovario elongato-ovoideo glabro, 
stylo crasso tereti sub anthesi 4-8 mm. longo ut corollae lobis glanduloso- 
piloso, stigmate subpeltato; fructibus calyce mox caduco in vivo ellipsoideo 
ad 1.5 & 1 cm. in sicco ruguloso. 


Vitt Levu: Mba: Summit of Mt. Nanggaranambuluta [Lomalangi], east of 
Nandarivatu, Smith 4878 (A, US); ridge between Mt. Nanggaranambuluta and 
Mt. Namama, alt. 1050-1120 m., June 30, 1947, Smith 4994 (A tTyprE, US); 
western slopes of Mt. Tomanivi [Mt. Victoria], Smith 5319 (A, US); Ra: 
Ridge from Mt. Namama toward Mt. Tomanivi, Smith 5695, 5696, 5709, 5715 
(all A, US); Nandronga & Navosa: Vicinity of Nandrau, Degener 14904 
(A); northern portion of Rairaimatuku Plateau, between Nandrau and Nanga, 
Smith 5569 (A, US). 


The cited specimens are from shrubs or slender, freely branching trees 
2—5 m. in height, occurring in dense forest at elevations of 725-1120 m. 
The corolla, stamens, and style are pure white to cream-white, and the 
mature fruit is white. Recorded local names are mindra (Smith 4994) and 
mbetambeta (Degener 14904). 

The described species, of § Polynesieae, is quite frequent on the long 
ridge that curves from Nanggaranambuluta to Tomanivi and dominates 
north-central Viti Levu. It seems strange that Gillespie did not obtain 
material of the species, or at least that he did not describe it. I have 
examined type material of most of his species, and all are well described 
and figured; the only one that suggests C. jugalis is C. pratti, a species 
with larger and more copiously nerved leaves, an elongate inflorescence 
with solitary lateral flowers, pedicels only about 4 mm. long, and a some- 
what larger, unequally lobed calyx. . 

Closer relatives of the new species are C. anthropophagorum Seem. and 
C. hornei Clarke, both of which have comparatively small flowers. This 
group of species is characterized by its indument of several-celled eglan- 
dular hairs and its few-flowered inflorescence with free, opposite mie 
small bracts. In characters of indument, C. jugalis is intermediate be- 
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tween C. anthropophagorum and C. hornei, the former having more copious 
and softer pubescence or, both vegetative and inflorescence parts and the 
leaves less obviously serrate, the latter being soon essentially glabrate on 
vegetative parts, calyx, and corolla. 


DEPARTMENT OF Borany, 
U.S. Nationar Museum, 
SMITHSONIAN INstITUTION. 
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A NEW FIJIAN SPECIES OF CALYPTOSEPALUM 
I. W. BarLey AND A. C. SMITH 


With two plates 


AMONG THE PHANEROGAMS collected in Fiji by the junior author in 
19471, one specimen from upland central Viti Levu could not, upon pre- 
liminary study, be referred to any family known to occur in the region. 
Of the plant in question, Smith 5339, several duplicate herbarium speci- 
mens and a wood sample from the trunk are available. The herbarium 
material bears foliage and essentially mature fruits, but one sheet shows 
very young fruits, with the carpel scarcely developed beyond its flowering 
condition and with the perianth and disk intact, and also young flower 
buds. The plant being apparently dioecious, no staminate flowers are avail- 
able, and there is no trace of stamens or staminodes in the pistillate flower. 

The specimen clearly represents a genus not previously recorded from 
Fiji or the adjacent archipelagos. The desirability of applying a name to it 
has led us to consider all plausible systematic positions for this Fijian 
plant, and we have reached the conclusion that it is best placed as a 
congener of Calyptosepalum sumatranum S. Moore. Reasons for this con- 
clusion and a discussion of the position of the genus follow a formal de- 
scription of our new species and an analysis of its salient characters. 


Calyptosepalum pacificum sp. nov. 


Arbor dioica ad 12 m. alta, ramulis cinereis subteretibus praeter partes 
novellissimas minute et fugaciter sericeas glabris valde corticeo-lenticellatis; 
stipulis binis basi petiolorum lateralibus deltoideis acutis circiter 1 mm. 
longis latisque extus minute fulvo-sericeis mox caducis, cicatricibus minutis; 
foliis simplicibus alternatis, petiolis nigrescentibus leviter canaliculatis in 
sicco rugulosis crassis (1.5-2 mm. diametro) 1-1.5 cm. longis; foliorum 
laminis coriaceis siccitate brunneis vel fusco-olivaceis, ovato-oblongis vel 
late ellipticis, (6-) 7-12 cm. longis, (3—) 3.5—7 cm. latis, basi late obtusis 
vel subtruncatis et saepe paullo inaequilateralibus, in petiolum subito 
breviter decurrentibus, apice obtusis vel subacutis, margine integris et 
leviter incrassatis, utrinque glabris vel interdum pilos paucos dispersos 
subpersistentes (eis carpelli similes) subtus nervis gerentibus, pinnatinerviis, 
costa valida utrinque prominente et rotundata, nervis secundariis utrinsecus 
S—8 irregulariter arcuato-adscendentibus et copiose anastomosantibus 
utrinque valde elevatis, basalibus confertis, rete venularum copioso utrinque 


* Under the auspices of the Arnold Arboretum of Harvard University and the 
John Simon Guggenheim Memorial Foundation, with the aid of grants from the 


Penrose Fund of the American Philosophical Society and the Bache Fund of the 
National Academy of Sciences. 


1953] BAILEY & SMITH, CALYPTOSEPALUM 53 


prominulo; floribus (@ solis visis) pluribus (plerumque 2-5, interdum 
cum aliis abortivis), e glomerulis parvis irregularibus natis, glomerulis 
axillaribus vel supra cicatrices in ramulis defoliatis dispositis; bracteolis 
sub floribus paucis (videtur 2 basi pedicelli oppositis) late reniformibus, 
circiter 0.5 mm. longis, 1.5-2 mm. latis, extus obscure sericeis, margine ro- 
tundato minute ciliolatis; pedicellis rectis teretibus in sicco rugulosis paullo 
post anthesin 4-6 mm. longis, parce strigilloso-puberulis demum glabratis, 
apice in receptaculum complanatum 2-3 mm. diametro subito incrassatis, 
sub fructu ad 2 mm. diametro et 8 mm. longis; perianthio tepalis 4 decus- 
satis composito, tepalis reniformi-ovatis apice rotundatis, 2.5-3 mm. longis, 
3—3.5 mm. latis, e basi plurinervatis, glabris, 2 exterioribus papyraceis, 2 
interioribus membranaceis, omnino evanescentibus, cicatricibus linearibus 
vel transverse ellipticis inconspicuis; disco annulari carnoso glabro, primo 
subpatente haud 0.5 mm. alto apice truncato, demum rotato et margine 
irregulariter sinuato; staminibus et staminodiis nullis; ovario supero 
ellipsoideo vel obovoideo uniloculari, extus minute papilloso et copiose 
piloso (pilis pallide fuscis simplicibus pluriseptatis ad 0.5-mm. Jongis 
subadscendentibus vel subappressis, apicem ovarii versus reflexis) ; stigmate 
subsessili terminali carnoso peltato leviter infundibulari 2-3 mm. diametro, 
margine ventraliter inciso, mox caduco (raro subpersistente), cicatrice 
parva rotundata; ovarii loculo solitario, placenta ventrali superne valde 
incrassata, ovulis 2 collateralibus anatropis, e parte incrassata placentae 
pendulis; fructibus ellipsoideis vel obovoideis maturitate ad 3 cm. longis 
et 1.5 cm. latis, basi et apice rotundatis, raro stigmate coronatis, apice 
plerumque inconspicue cicatricosis, pericarpio coriaceo persistenter piloso, 
semine solitario (ovulo altero abortivo) in sicco valde contracto, in vivo 
videtur magno carnoso elongato-obovoideo apicem versus connecto, testa 
tenui, endospermo copioso, embryone magno. 


FIJI: Virr tevu: Mba: Valley of Nggaliwana Creek, north of the sawmill at 
Navai, alt. 725-850 m., July 21, 1947, Smith 5339 (type at Arnold Arboretum, 
2 sheets, duplicates at U. S. National Museum, etc.) (ndonggau; tree 12 m. high, 
on edge of dense forest; tepals dull yellow; mature fruit orange). 


The new species differs from C. suwmatranum S. Moore, the type and only 
previously known species of Calyptosepalum, in several obvious characters, 
although the known flowers, being staminate in one case and pistillate in 
the other, cannot be too critically compared. The Fijian plant has com- 
paratively long petioles and leaf-blades that are thicker in texture, pro- 
portionately broader, obtuse to subtruncate at base, and obtuse or subacute 
at apex. In contrast, C. swmatranum has its leaf-blades narrowed at base 
and short-acuminate at apex, with nerves and veinlets less obvious than 
those of C. pacificum. As regards floral characters which presumably are 
specific in nature, it may be noted that the disk in C. sumatranum is pilose 
and the ovary-rudiment (in é flowers) glabrous, whereas in the new 
species the disk is glabrous and the ovary copiously pubescent. 
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THE FLOWER 


The several duplicate specimens of the single collection of this Fijian 
tree bear mature or nearly mature fruits. The type specimen has, in 
addition, small immature fruits and a few flower buds in early stages of 
enlargement. A detailed study of the exomorphic and endomorphic char- 
acters of the flower buds and of the youngest fruits enables one to visualize 
the general form of the flower at anthesis. It consists of two pairs of fleshy 
decussate tepals, a glandular-appearing, annular disk, and a single carpel 
which contains two pendent anatropous ovules and terminates in a broad, 
funnel-shaped stigma, Text-rics. 1-4. There are no rudiments of stamens 
or staminodes and no structures that might be interpreted as vestiges of 
petals. It should be noted in this connection, however, that subsequent to 
anthesis and during the enlargement of the torus and of the voung fruit, 


TExT-FIcuRES 1-4. Fic. 1. Young fruit, showing retention of the decussate 
tepals at an unusually late stage of development. There is a corky scar at the 
apex of the carpel left by the abscission of the stigma, X 12. Fic. 2. Young fruit 
showing retention of the stigma, also disk and corky scars left by the abscission 
of the tepals, X 8. Fic. 3. Cleared stigma, showing complex vasculature, < 12. 


on 4. Longitudinal section of carpel, showing two pendent anatropous ovules 
xX 10. 
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the disk becomes distorted and broken and gives at times a false impression 
of being the bases of additional appendages. Abscission of the tepals and 
stigma appears to occur shortly subsequent to anthesis, leaving four corky 
scars at the base of the enlarging carpel and a circular embossed one at 
its apex. In exceptional cases only are the tepals and stigma retained for 
a time during subsequent stages of development, TEext-Fics. / and 2. 

Each of the four decussate tepals has a branching reticulate venation 
derived in most cases from three principal, independent vascular strands or 
traces. The disk is unvascularized, but the carpel in its somewhat enlarged 
form in the youngest available fruits has a strikingly complex and highly 
specialized vasculature. In transverse sections cut at the base of such a 
carpel, there is an outer ring of numerous, small, precociously branching 
vascular strands, a small, compact, more or less centrally located eustele, 
and a single, large, detached bundle. The outer bundles extend upward in 
the wall of the carpel, branching repeatedly and forming a basket-like 
venation of much complexity. The central eustele is in continuity at lower 
levels with the eustele of the pedicel. It extends upward in the ventral side 
of the carpel to the level of attachment of the ovules, where it dissociates 
into a number of principal strands. Two of these curve abruptly downward 
and ramify in the integuments of the ovules, two extend upward and ramify 
in the stigma, and four to six curve upward and then downward in the 
wall of the carpel. The large detached bundle extends upward as a discrete 
strand in the dorsal side of the carpel. It branches at higher levels and has 
an extension into the stigma. Evidence from a young flower bud indicates 
that the differentiation of the ventral eustele and of the discrete dorsal 
strand is initiated during early stages of the ontogenetic development of 
the flower, whereas that of the peripheral bundles occurs during subsequent 
stages of the enlargement of the torus and carpel. There are no vestiges of a 
suture in the ventral side of the older carpels, but the stigma has a deep 
cleft in its ventral side, TexT-FIcs. 2 and 3. 


THE FRUIT 


One ovule aborts, at least in a majority of cases, and the mature fruit 
contains a single elongated seed, Text-Fics. 5 and 6. 

The older fruits have no clearly defined outer epidermal layer, but in- 
stead are clothed externally by a dense mat of short, multicellular papillae. 
This papillose surface appears to be derived during development of the 
carpel and the young fruit by repeated periclinal and anticlinal divisions 
of all of the cells of an originally unicellular epidermal layer. Among the 
papillose projections are elongated hairs which become more widely spaced 
as the fruit matures. Both the papillae and the hairs vary considerably 
in size and form. Among the former are conspicuously capitate and 
glandular-appearing ones. The hairs are multicellular and frequently are 
internally septate. They may be thick-walled or thin-walled, straight or 
markedly undulate, or recurved parallel to the surface which bears them. 

As seen in sectional view, PLATE-FIG. 7, the pericarp consists of five more 
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or less clearly defined layers. Passing from without toward the locule these 
are: (1) the papillose layer referred to in the preceding paragraph, (2) a 
zone of small, thin-walled parenchymatous cells, (3) a zone composed 
largely of stone cells, (4) a broad central zone of large, thin-walled 
parenchymatous cells and (5) a compact zone of thin-walled parenchyma 
whose cells tend to become elongated or oriented parallel to the inner 
surface of the pericarp. The vascular bundles are distributed within the 


TEXT-FIGURES 5-7. Fic. 5. Seed, showing vasculature, X 3.3. Fic. 6. Seed, 
showing extensive hilum, X 3.3. Fic. 7. Embryo, X 3.3. 


broad central layer and have numerous branches which extend outward 
toward the sclerenchymatous zone. The proportions and the detailed con- 
figurations of these layers change during successive stages of the enlarge- 
ment of the fruit. In particular, the layer of stone cells becomes broader 


and denser. Furthermore, the vasculature of the pericarp becomes increas- 
ingly complex and massive. 


THE SEED 


The seed, even in apparently mature fruits, contracts so extensively in 
drying and becomes so deformed that it appears to have aborted. However, 
it re-expands upon soaking and resumes its original plump, elongated form, 
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TextT-FIG. 5. It contains a well-formed, normal-appearing embryo with 
pseudo-palmately veined, basally auriculate cotyledons, Text-Fic. 7. The 
embryo is embedded in a massive endosperm whose thin-walled cells con- 
tain no visible accumulations of starch, fat or oil. It is the excessive con- 
traction and re-expansion of these large, delicate cells which produces the 
pronounced changes in volume of the seed during drying and wetting. The 
testa is thin and soft and contains an externally conspicuous vasculature 
which resembles that of the ovules in greatly expanded form, compare 
TEXT-FIGS. 4 and 5. 


THE LEAF 


The simple, entire, pinnately veined leaf is coriaceous and glabrous 
appearing when fully expanded. However, a few hairs tend to persist, 
from the early juvenile stages, upon the lower surface of the leaf and to be 
scattered along the principal veins. These hairs resemble the thicker-walled, 
recurved ones that occur on the carpel and fruit. The base of the young 
leaf is flanked by a pair of small, triangular, caducous stipules which leave 
corky scars following abscission. 

The lower epidermis is composed of angular cells of relatively uniform 
size. The stomata have no special subsidiary cells, and the guard cells are 
not extensively subtended by the surrounding epidermal cells. There is a 
conspicuously differentiated layer of large hypodermal cells which becomes 
discontinuous at times. The palisade layer consists of several rows of 
relatively short elements, and the thin-walled spongy mesophyll contains 
large intercellular spaces. The venation is massive and conspicuous, even 
the smaller veinlets being jacketed by sclerenchyma and in turn by thin- 
walled crystal-bearing cells, PLATE-FIG. 4. 

Three traces, related to a trilacunar node of the stem, enter the base of 
the petiole, where they quickly become associated in a vascular cylinder 
or eustele, PLATE-FIG. 2, which extends throughout the petiole and the 
mid-rib of the lamina. Within the pith of this vascular cylinder, in its 
course through the petiole, there are one to three, commonly two, am- 
phivasal bundles. The cells of the parenchyma of the petiole, particularly 
many of the cortical cells and the rays of the secondary phloem, contain 
crystals of calcium oxalate. Small druses predominate in the phloem and 
large, single, rhombohedral crystals in the cells of the cortex. The vascular 
cylinder is jacketed by large, very thick-walled fibers. 


THE STEM 


The pith and the eustele in the internodal parts of the stem have a 
symmetrically four-lobed form as seen in transverse sections, the con- 
figuration of the tissues being correlated with an approximately one-half 
phyllotaxy. The median traces of the leaves are situated in two opposite 
lobes and the lateral traces in the two intervening lobes. The median trace 
of each leaf consists of two widely separated halves in the subtending 
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internodal part of the stem, but commonly divides forming three or four 
independent strands at the nodal level. Further divisions of these strands, 
as also of the lateral traces, occur precociously in the base of the leaf, 
where orientation into a foliar eustele takes place. 

The pith is homogeneous and composed of relatively short cells, many 
of which contain single rhombohedral crystals of calcium oxalate. The 
secondary xylem is formed by a primitive type of cambium having 
elongated fusiform initials with extensively overlapping ends. The wood 
parenchyma is apotracheal in distribution, PLATE-FIc. 3, varying from 
diffuse to loosely aggregated tangentially. The relatively thin-walled, 
angular vessels occur singly and in small radial clusters. The long, slender 
vessel members have numerous scalariform perforations in their extensively 
overlapping ends. The intervascular pitting in the tangential facets of 
adjoining vessels is minute, closely crowded and multiseriate, and exhibits 
numerous transitions between opposite and alternating seriations. Vestiges 
of scalariform pitting are of not infrequent occurrence, particularly in the 
smaller vessels. The pitting between vessels and wood parenchyma or rays 
is of essentially similar size and form, with, however, numerous evidences 
of unconformity. The imperforate tracheary elements or “fibers” have 
such excessively thickened walls that the lumina are occluded and the 
pits are few in number with minute vestigial borders. The first-formed 
secondary xvlem has vertically extensive uniseriate rays composed of tall 
erect cells. In addition, there are more or less numerous biseriate and 
triseriate rays composed of more nearly cubical cells or slightly procumbent 
ones. The wood from the outer part of old stems resembles the secondary 
xylem of twigs taken from herbarium specimens, but exhibits the usual 
increase in cell size that occurs during enlargement of stems. The rays, 
PLATE-FIG. 5, are lower, the multiseriate (2- to 4-seriate) ones being pro- 
portionally more numerous and composed of radially more extensive pro- 
cumbent cells. Many of the parenchymatous cells of both the earlier and 
the later formed wood contain crystals of calcium oxalate, the rhombohedral 
form predominating. 

Prior to the initiation of cambial activity, each bundle of the eustele — 
as seen in transverse sections of the stem — is capped externally by thick- 
walled fibers. Subsequently, the entire vascular cylinder becomes enclosed 
in a composite ring of sclerenchyma, formed in part by the original fibers 
and in part by stone cells derived from tangentially intervening, thin- 
walled parenchyma. The secondary phloem, when first formed, is soft and 
is composed of parenchyma, sieve tubes and rays, no fibers being formed 
among the derivatives of the cambium. As the zone of phloem widens in 
enlarging stems more or less extensive sclerification of parenchyma occurs 
in its outer part. The form of these secondary changes in the older phloem 
varies considerably in different parts of the tree. Successive rings of 
sclerenchyma are formed in the bark of the main stem of the tree. These 
rings are comparatively widely spaced and are composed of sclereids. The 
soft intervening tissue contains more or less numerous patches of such 
sclerenchyma derived in part from phloem parenchyma and in part by the 
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sclerification of ray cells. At least in certain of the upper branches of the 
tree, all of the vertically oriented parenchyma tends to develop lignified 
secondary walls, whereas most of the cells of the rays do not. 

The crystals of calcium oxalate differ markedly in form in different parts 
of the phloem. Druses occur abundantly and characteristically in the un- 
modified parts of the rays. On the contrary, the zones and patches of stone 
cells have numerous cells which contain single crystals of rhombohedral 
form. 


DISCUSSION 


The summation of reproductive and vegetative characters, in the case of 
this Fijian tree, is peculiar and unusual, and the problem of determining 
the true relationships of the plant is a difficult one. When all of its salient 
exomorphic and endomorphic characters are taken into consideration, it 
does not fit readily into any existing family of the dicotyledons. However, 
it closely resembles a Sumatran tree collected by H. O. Forbes in 1880-82, 
subsequently described and placed in the monotypic genus, Calyptosepalum, 
by S. Moore (3) in 1925. 

The species, Calyptosepalum sumatranum S. Moore, is based upon two 
collections, Forbes 2847 and 2862. Both sets of herbarium specimens bear 
male flowers only, but a few detached fruits were included under Forbes 
2862. Unfortunately, these fruits are of two entirely different kinds. 
Therefore, it is essential to determine which of them actually belongs to 
Calyptosepalum. 

Both of the Forbes collections, 2847 (isotype) and 2862, are represented 
in the Gray Herbarium, and our observations are based upon these speci- 
mens, supplemented by examination of a fruit from Forbes 2862 at the 
British Museum. Sections of the stems of Forbes 2847 and 2862, made by 
Swamy (5) in connection with his anatomical investigation of the Santala- 
ceae, were available for detailed study. 

Significant similarities and differences between the vegetative parts of 
the Fijian and the Sumatran plants are the following: 

The buds of both trees are naked with a % phyllotaxy and precociously 
developing triangular stipules. Those of the Fijian plant are less con- 
spicuously hairy except at their apex, and the stipules are more massive 
and leave more evident scars following their earlier abscission. The stems 
of both plants have a characteristically 4-lobed pith and eustele as seen 
in transverse sections, a morphological feature that is correlated with a 1% 
phyllotaxy and a trilacunar nodel anatomy. The cellular structure of the 
pith, xylem, cambium, phloem, and cortex is fundamentally similar in both 
cases, the only conspicuous histological difference being the occurrence of 
porous, as well as of scalariform, perforation plates in the vessels of the 
Sumatran plant. The major patterns and the minor details of the vas- 
cularization of the petiole and lamina of the simple entire leaves are 
strikingly similar. The petioles of both plants have cylindrical eusteles, 
surrounding a pith which contains from one to three vascular strands, the 
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medullary bundles of the Fijian plant being more extensively amphivasal 
than those of the Sumatran species. The venation of the lamina, as revealed 
in cleared specimens, is massive and conspicuous, even the smaller veins 
being jacketed by sclerenchyma and in turn by crystal-bearing cells. The 
stomata of the Sumatran plant are more extensively subtended by sur- 
rounding epidermal cells, and hairs and bases of hairs are more numerous 
on the under surface of fully matured leaves. In addition, there are more 
numerous small druses in the palisade layer. 

Both plants are characterized by having hairs of a similar structural 
type, viz. multicellular and unbranched, but commonly recurved parallel 
to the surface which bears them. Furthermore, both are characterized by 
forming two types of crystals, viz. druses and single rhombohedral crystals. 

A summation of exomorphic and endomorphic evidence from the 
vegetative organs indicates that the Fijian tree and the Sumatran one are 
closely related. Such differences as occur in the leaves and stems are of 
no greater magnitude than may be anticipated in related, but geographically 
widely separated, species. In fact, without convincing evidence from the 
reproductive organs, there are no valid arguments for placing the two trees 
even in separate genera. 

It is unfortunate that the female flower of the Sumatran plant and the 
male flower of the Fijian tree are not available, and that one is forced at 
present to depend upon comparisons between flowers of different sexes. 

The size, external form, and axillary distribution of the flowers are similar 
in both cases. Both kinds of flowers have a perianth consisting of two pairs 
of fleshy, deeply concave, decussate tepals. Both have a conspicuous disk 
whose form is determined by internal pressures and spacial relationships 
within the developing flower bud. At anthesis, the expanded disk of the 
male flower bears the imprints of the four stamens that are crowded inward 
and downward upon it in the closed bud. That of the female flower, being 
confined to the space between the base of the carpel and the tepals, expands 
outwardly rather than inwardly and has an undulating contour in con- 
formity with the fleshy bases of the tepals. The disk of the male flower is 
pilose, whereas that of the female flower is glabrous and glandular appear- 
ing. The carpel of the female flower is conspicuously pilose during the 
earlier stages of its ontogeny, whereas its sterile homologue in the male 
flower is nearly glabrous. However, the hairs of both flowers are of a 
fundamentally similar structural type. 

As noted earlier, the detached fruits included under Forbes 2862 are of 
two different morphological kinds. In the case of the specimen at the Gray 
Herbarium, the fruit obviously does not belong to Calyptosepalum as 
indicated by the character of the persistent gamosepalous calyx which 
subtends it. The angularities in the outer contour of the calyx demonstrate 
that it 1s composed of five concrescent members. Furthermore, the hairs 
on its external surface are unicellular and aggregated in clusters, in marked 
contrast to the multicellular (i.e. internally septate) and diffusely dis- 
tributed ones of Calyptosepalum. The fruit is broadly ovoid, with a mas- 
Sive pericarp and a persistent, fleshy, 4-lobed and 4-ridged stigma. It 
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has four locules, each of which contains a seed with conspicuously 
sclerenchymatous testa. 

The fruit from Forbes 2862 at the British Museum is detached from 
its pedicel and has a corky scar at its apex, formed by the abscission of its 
stigma. It is of more ellipsoidal form and evidently is the kind of fruit 
that was figured and described by Moore (3). It is derived from a single 
enlarged carpel and contains a single seed which is attached at a relatively 
low level of its ventral side. As in the case of the Fijian fruits, the seed 
contracts and expands extraordinarily during drying and soaking. It has 
a thin soft testa with coarsely conspicuous vasculature, and a massive 
endosperm which is lobed internally. No embryo is visible. 

Although the fruit and seed of Forbes 2862 from the British Museum 
closely resemble those of the Fijian plant in their salient exomorphic char- 
acters and in the cellular structure of the testa and endosperm, there are 
obvious anatomical differences in the pericarp. The outer surface of the 
Sumatran fruit is glabrous, with a thick cuticle which projects inwards 
between the epidermal cells. Thus in surface view, the epidermis has a 
reticulate pattern superficially resembling that which occurs on the under 
side of the leaves of certain Sapotaceae. The sclerenchymatous layer is 
internal, instead of external, to the vasculature. The stone cells, many of 
which are of irregular size and form, occur in closely adjacent patches and 
give to the internal surface of the pericarp an appearance of being com- 
posed of a miniature mosaic. 

Forbes’ field notes indicate that fruits of Calyptosepalum sumatranum 
were collected. It seems likely, therefore, that the fruit from Forbes 2862 
at the British Museum is one of these, and that the fruit on the corre- 
sponding specimen at the Gray Herbarium was added to that sheet by 
mistake. 

Evidence from the flowers, fruits, and seeds supports anatomical data 
from the vegetative parts and indicates that the Fijian tree is closely related 
to Calyptosepalum. The question whether the two plants should be in- 
cluded in the same genus or should be placed in two separate, but closely 
allied, genera is one that may not be finally answered until more extensive 
collections of the reproductive parts are made. However, on the basis of 
material now available, we find no valid reason to separate the two plants 
generically. Differences between them are of a sort to be anticipated 
in any angiosperm genus of reasonable circumscription, and so we refer 
the new Fijian species to Calyptosepalum with a fair degree of confidence. 

Moore (3) concluded that the affinity of Calyptosepalum is with 
Henslowia, and therefore placed the Sumatran tree in the Osyrideae of 
the Santalaceae. It is listed under that family by Pilger (4) who con- 
sidered it to be a genus of uncertain affinities. As shown by Swamy (GS), 
Calyptosepalum cannot be included in the Santalaceae, even as a primitive 
and structurally less specialized representative of that family. Further- 
more, the genus has a number of salient characteristics which exclude it 
from the Olacaceae. Indeed, a summation of evidence from both the 
vegetative and reproductive parts suggests that Calyptosepalum and its 
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Fijian relative do not belong in any previously described family. Should 
they be placed in a new family? 

This raises a question of major taxonomic significance and one upon 
which general agreement should be attained. If Casuarina, Leitneria, Myzo- 
dendron, Grubbia, Octoknema, Lactoris, Cercidiphyllum, Eupomatia, 
Gomortega, and other isolated end-products of morphological specializa- 
tion are to be segregated in independent small families, then it obviously 
is consistent to deal with Amborella, Trimenia, Euptelea, Trochodendron, 
and many other genera in a similar manner. Although such a procedure 
leads to a multiplication of small families to which many systematic 
botanists object — it is preferable to loading truly homogeneous families 
with discordant elements which prove upon thorough study to be out of 
place. Classification should be determined not by an inherently and 
rigidly “conservative” or “radical” concept of families, but by the char- 
acter of the plants under consideration. 

In this connection, we may well remember that modern concepts of 
family delimitation were evolved by botanists familiar, for the most part, 
with the floras of the Northern Hemisphere. In the regions best known 
to them, the students who outlined our angiosperm families found many 
large and obviously closely related groups of genera. Because of the ap- 
parently natural composition of such groups as the Compositae, Rosaceae, 
Orchidaceae, Gramineae, etc., it is probable that the taxonomists of a 
century ago became inured to a concept of large and comparatively few 
families, and that they subconsciously acquired an aversion to “splitting” 
at the family level. This aversion, as is well known, persists among the 
curatorial staffs of modern herbaria. Every change in family delimitation 
and every proposal of a new family means, to the curator of a herbarium, a 
change in his system, accompanied by a shift of specimens, the preparation 
of new covers, case-labels, index-cards —in short, such a change means 
more work for a small and often already harassed staff. It is not sur- 
prising, therefore, that herbarium botanists with great pertinacity cling to 
the notion that there are already “enough” families. 

However, it is not a function of systematists to decide a priori upon the 
number of families. If the plants of the southeastern Asia-Malaysian area 
had been as well known to the phylogenists of a century ago as were the 
plants of Europe and North America, can anyone believe that our tradi- 
tional families would have their present circumscriptions? Workers in this 
area and also in tropical Africa are finding that, if they apply to their floras 
the criteria of family-delimitation that have served for the North Tem- 
perate floras, two courses are open to them. First, they may expand cur- 
rent family concepts beyond all degree of usefulness, to the point where 
relic genera are quite lost in a maze of vague and often contradictory char- 
acterizations, or second, they may propose distinct families for such genera. 
That the second course seems to be increasing in popularity may cause 
herbarium workers considerable anguish, but one must conclude that it 
offers the more legitimate solution of a difficult problem. The multiplica- 
tion of families caused by the application of uniform standards of family- 
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criteria is “unfortunate” only in that it causes inconvenience to those in 
charge of our large herbaria. If such a development leads to a better 
comprehension of the interrelationships of genera and families, then it 
should be welcomed as fortunate, in spite of transient physical and psy- 
chological inconveniences. 

Another alternative to the proposal of small families, in the case of 
phanerogams of uncertain affinities, may be the temporary assignment of 
aberrant genera to a special category, comparable to the Fungi Imperfecti 
of mycologists. In such a category might be placed plants of uncertain 
or obscure affinities, the inclusion of which in any existing family would 
cause an undue expansion of the basic family-characters. This category 
could also accommodate those plants as yet incompletely known, lacking, 
for instance, material for adequate cytological, embryological and anatom- 
ical investigations. To place such plants in a group of ‘‘Phanerogamae Im- 
perfectae” would at least call them to the attention of regional students 
and would save them from the obscurity of being misplaced in some large 
and unsuitable family. 

As previously stated, available exomorphic and endomorphic evidence 
makes it difficult to include Calyptosepalum in any existing family of the 
dicotyledons. As demonstrated by Swamy (5), the salient features of 
Calyptosepalum do not fall within the range of anatomical or morpholog- 
ical characters of the Santalaceae, and it may be excluded likewise from the 
Olacaceae. Furthermore, Dr. R. A. Howard concurs in our conclusion that 
a summation of evidence from different organs of the plants excludes 
Calyptosepalum from the Icacinaceae. Although the genus exhibits certain 
similarities, on the one hand, to the Olacales and, on the other hand, to 
the Celastrales of Hutchinson, there is no convincing summation of evi- 
dence to justify placing it with certainty in either of these orders. 

We believe that Calyptosepalum is another relic genus which will ulti- 
mately have to be placed in an independent family. This should not be 
done, however, until more adequate and extensive material of its two 
species are available for detailed exomorphic and endomorphic investiga- 
tions. For the present, it had best be placed in a special category of 
plants of uncertain affinities, as has been suggested (1,2) in dealing with 
other relic genera from Austromalayan and Indomalayan regions. 
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EXPLANATION OF PLATES 


PLATE I 


Fic. 1. Transverse section of carpel at the level of the attachment of the 
two ovules, X 24. Fic. 2. Transverse section of the petiole, showing cylinder 
of vascular tissues and two included amphivasal bundles, x 50. 


PLATE II 


Fic. 3. Transverse section of the secondary xylem, x 50. Fic. 4. Cleared 
leaf, showing characteristic pattern of venation, X 50. Fic. 5. Tangential 
jongitudinal section of the secondary xylem, showing extensively overlapping 
vessel members and heterogeneous rays, X 107. 
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A TAXONOMIC REVISION OF PODOCARPUS 
VII. THE AFRICAN SPECIES OF PODOCARPUS: 
SECTION AFROCARPUS 


NeEtTA E. Gray* 


THE SECTION Afrocarpus was set up as a group distinct froim section 
Stachycarpus in the first paper of this series (4). The six species included 
are Podocarpus falcatus (Thunb.) R. Br., P. gracilior Pilger, P. Mannii 
Hook., P. usambarensis Pilger, P. gracillimus Stapf and P. Dawei Stapf. 
They are all located in areas of Africa near and south of the Equator. 

Extensive work on the geographic distribution of the species and on the 
taxonomic details has been done by Stapf (16), Chalk et al. (5) and Robyns 
(13) representing British and Belgian explorations in their respective 
territories. 

Pilger (12) placed this group of species in the subgenus Stachycarpus, 
part B, and authors since have followed this treatment. However, dissatis- 
faction with this arrangement has been often voiced, particularly by 
Florin (7) and Orr (11). These species are distinctly different in their 
leaf anatomy and female cones, being clearly separated in any key, and 
are, in themselves, ‘“‘a compact and morphologically homogenous group” 
(11). They are mostly large trees providing important lumber in areas of 
abundance. 

The leaves in all species are amphistomatic with about the same number 
of stomata on the upper and lower surfaces. Abundant hypodermal fibers 
are found at the margin and midrib and gathered in groups between the 
stomatal rows on both upper and lower sides of the leaf. The palisade 
parenchyma may be equally distributed on both sides or may be more 
abundant on the surface exposed to the sun, whether abaxial or adaxial. 
Often it is poorly developed. The single vascular bundle has one resin 
canal below it, and is flanked on either side by wings of transfusion tissue 
which extend far into the blade of the leaf, sometimes more than half-way 
to the margin. This latter feature has been noted by Orr (11) and Robyns 
(13) particularly. The only other group in which a similar arrangement 
has been found is in the section Polypodiopsis, P. minor and P. Rospigliossi. 
In the parenchyma, around the vascular bundle and transfusion tissue, are 
numerous, often very large, conspicuous fibers. There is no accessory trans- 


* The author of this paper greatly regrets the loss of her associate in this study, 
Professor John T. Buchholz, deceased July 1951. She wishes to express her apprecia- 
tion for his assistance in the preparation of this paper, especially the cleared and 
mounted whole leaves. Also she gratefully acknowledges the permission and assistance 
which was given to him to examine and photograph specimens of the section A frocarpus 
preserved in the herbaria of the Royal Botanic Gardens, Kew, the British Museum and 


Cambridge University. 
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fusion tissue, but often large pitted sclereids of similar origin develop in the 
mesophyll between the end of the transfusion tissue and the margin of the 
leaf (4, Pirate I, Fic. 3). 

The abundance, size and position of these sclereids were noted to vary 
among the samples. A detailed study of these patterns was made in whole 
mounts of leaves which had been cleared in NaOH and stained with saf- 
franin. It has been found that the sclereids are shortest at the base and 
tip of a leaf, and largest in the middle. They are usually most abundant in 
the base of the leaf, less so in the remainder, often decreasing toward the 
tip or even again increasing in number at the very tip. In addition, the 
number of sclereids increases with the age of the leaf. Thus, the data of 
TABLE 1 are of doubtful value in distinguishing species because of the 
abundance of over-lapping sizes in leaves having sclereids under the maxi- 


TABLE 1. SCLEREID LENGTH IN SECTION Afrocarpus 


Species Min. Max. 
P. gracillimus SOu 9Spu 
P. falcatus 5Ou. 230m 
P.. gracilior 70u 265m 
P. Dawei 60pu 310 
P. usambarensis 656 322p 
P. Mannu 50u, 368 u 


mum and the data are not consistent either as to species or geographical 
region. In a similar examination of the sclereids in the leaves of the 
Podocarpus species, in section Stachycarpus (4) from New Caledonia, 
New Zealand and Australia, patterns of size and abundance sufficiently 
different to separate the species lines were found. No such clear criteria 
seem to be apparent in the case of the African group of species. 

The following key, adapted from Chalk et al. (5), adding where useful, 
the characters of leaf anatomy, includes all the species in this group. It is 
preferable to base a key upon one prepared by individuals familiar with 
the living trees in the field, where keys are so necessary for identification. 


Key To Section Afrocarpus 


Leaves small, 1-5 cm. long, 1-4 mm. broad on adult trees; inner woody layer of 
seed 3 mm. thick or less. 
Leaves 2-5 cm. long, 2-4 mm. broad on adult trees (up to 7 or 10 cm. by 
6 mm. on young plants and long shoots). 
Seed glaucous green, globose, 0.6-1.2 cm. diam. on stalk 0.6-1.2 cm. long; 
outer layer of seed-shell coriaceous, inner layer very hard, woody, 
about 1 mm. thick. S. Africa: Cape Province, Natal, Transvaal, s. 


Mozambique’. 2.4. <<a o trite sea one ee 1. P.-falcatus. 
Seed brown, more than 1.5 cm. long, inner woody layer more than 1 mm. 
thick. 


Seed ellipsoid-globose, purplish-brown and slightly bluish pruinose, 1.6— 
1.8 cm. long, 1.4-1.6 cm. diam.; outer layer’of seed-shell coriaceous ; 
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inner layer very hard woody, up to 2 mm. thick; branchlets angular 

from the decurrent leaf-bases. Abyssinia, Kenya, Uganda.......... 

b Bale lona ie Omse WO ho aera See eee tee ee ae 2. P. gracilior. 

Seed subglobose, dark or chestnut-brown, 2-2.2 cm. long by 1.6 cm. diam. ; 

outer layer of seed-shell woody, chestnut-brown, inner layer hard- 

woody, light colored, 3 mm. thick. Uganda........ 3. P. Dawei. 

Leaves 1.8-2.5 cm. long, 1-1.5 mm. broad, straight or slightly falcate, acute, 

densely crowded at the ends of the branchlets; seed up to 2 cm. long, 
woody inner layer of seed-shell 1-2 mm. thick. Transvaal........... 

scot og Geet cle ar het Teese rea Se ao 4. P. gracillimus. 

Leaves 7.5-15.0 cm. long, 5-10 mm. wide, tapering to a fine point; seed up to 

2.5 cm. long, woody inner layer of seed-shell 4-7 mm. thick. 
Leaves very shortly stalked, up to 7.5 cm. long, 4-6 mm. wide; seed globose 
to ellipsoid-globose, about 2.5 cm. long, on a slender stalk 1.2-2.0 cm. 


long. Tanganyika, Belgian Congo................. 5. P. usambarensis. 
Leaves sessile, 7.5-15.0 cm. long, 5-12 mm. wide; seed subpyriform, subsessile, 
about.6:8 om: long: West: Afri¢a:n - oon. oe ee ee nee 6. P. Mannit. 


Podocarpus falcatus (Thunb.) R. Br. ex Mirb. in Mém. Mus. Paris 
13: 75. 1825 (nomen); Endlicher, Syn. Conif. 219. 1847; Parlatore in 
DC. Prodr. 16 (2): 511. 1868; Pilger in Pflanzenreich IV. 5 (Heft 
18): 72. 1903, in Nat. Pflanzenfam. ed. 2, 13: 245. 1926; Bernard in 
Beih. Bot. Centralblatt 17: 275. 1904; Wilson in Jour. Arnold Arb. 
9: 143. 1928; Florin in Svenska Vet.-Akad. Handl. ser. 3, 10: 262. 
1931; Chalk et al., For. trees and timbers of Brit. Emp. 1: 23. 1932, 
3: 86. 1935; Dallimore & Jackson, Handb. Conif. 44. 1923, 1931, 
67. 1948; Stapf in Fl. Cap. 5 (Sect. 2, suppl.): 10. 1933. 


Podocarpus Meyeriana Endlicher, Syn. Conif. 218. 1847; Parlatore in DC 


Prodr. 16 (2): 512. 1868. 
Podocarpus elongata Carriére, Traité Conif. ed. 2: 671. 1867, in part; Sim, 


Forests & For. Fl. 335. 1907; Marloth, Fl. S. Afr. 1: 101. 1931-32. 
Taxus falcata Thunb., Prodr. Pl. Cap. 117. 1800, et Fl. Cap. (ed. Shultes) 
547. 1823. 


This species is a tree, often very large, with minute terminal buds, leaves 
erect, 2-5 cm. X 3—5 mm., apex shortly acute to almost obtuse (juvenile 
somewhat larger); male flowers short, solitary or 2-3 together; seed 6-12 
mm. diam., globose, with peduncle 6-12 mm. A complete description, in- 
cluding figures, may be found in Chalk et al. (6). 

Podocarpus falcatus, from the Cape of Good Hope vicinity, was first 
described as Taxus falcata from a specimen collected by Thunberg in 
1773-74, at the same time as P. elongatus later to be used as the type for 
the genus. Both these specimens are in the Botanical Museum at Uppsala. 
We have seen photographs and examined leaf samples and can designate 
them as authentic. Toward the latter part of the nineteenth century these 
two species, with leaves of similar size and shape, became rather hopelessly 
confused both in the literature and among foresters, and they are still 
occasionally interchanged in published work. As late as 1943, Smith (15) 
found it necessary to include these in publishing a verification of the 
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nomenclature of certain African species of Podocarpus. In 1867, Carriére 
published a description under the name of P. elongata Carr. which was 
only partly P. falcatus. Parlatore, in 1868, described P. falcatus under that 
name but the description of the female flowers was of another species. 
In 1874, Bertrand (2) published his detailed anatomy of conifer leaves in 
which he described P. falcatus under the name of P. elongata L’Herit. and 
placed the former name in synonymy. Mahlert, in 1885, using much of 
Bertrand’s work on conifers, described P. falcatus in detail under the name 
of P. elongatus L’Herit. Stiles (17) reconsidered this same data and fol- 
lowed the same misconception. In 1891, Van Tieghem (18), in a paper 
setting up Stachycarpus as a genus, did not include any African species, 
but he placed P. falcatus in Eupodocarpus and listed P. elongatus as a 
species having palisade parenchyma on both sides of the leaf. 

Pilger (12), in 1903, showed in his taxonomic key and description a 
clear concept of P. falcatus R. Br. as different from P. elongatus L’Herit. 
However, in his preliminary discussion of leaf anatomy preceding the 
taxonomic part, he repeated the errors of Mahlert and others in describing 
for P. elongatus the leaf anatomy of P. falcatus. Later authors continued 
the confusion. Sim (14) and Marloth (10) redescribed this species in its 
correct position to affirm its place to African investigators, as did Stapf 
(16) and Chalk et al. (6) in their listings of strictly South African trees. 
Orr (11), in making a study of the leaf anatomy of the genus, mentioned 
the confusion in the literature and found that Bernard labelled a text 
figure of P. elongatus as P. falcatus which is the reverse of the usual error. 

Orr (11) indicated that this species can be differentiated by the leaf 
anatomy: “hypodermal fibers are much larger than those of any other 
species and the groups into which they are segregated project more deeply 
into the underlying mesophyll.” We are not able to confirm this observa- 
tion as statistical treatment of measurements shows no consistent varia- 
tion from those of the other species. In a study of the size and abundance 
of sclereids it was found that those of P. falcatus were larger than those of 
P. gracillimus and mostly smaller than those of P. gracilior, but in this 
latter case, the largest sclereids of P. falcatus overlapped the smaller in 
P. gracilior, making this data of doubtful use in differentiating these species. 

Two varieties have been described by Pilger on the basis of leaf size. 
Podocarpus falcatus var. latifolius has leaves 2.5-3 cm. long, 5—6 mm. 
wide, with the apex short-rotundate. It is represented by a single specimen 
from Kaimansgat, Drege 6182. We have examined a specimen, Drege 6184, 
which does not seem to differ from the species. Podocarpus falcatus var. 
pondoensis is one with small leaves, up to 2 cm. long and 3 mm. broad, 
represented by the single specimen Bachmann 69. We have seen uo speci- 
men comparable to this and it may be referred to P. gracillimus which 
will be discussed later. These varieties have been ignored by Stapf (16) 
and Chalk (6) in studies of these African trees. 

DIsTRIBUTION: Southern part of the African continent in the following 


districts: Cape Province, Natal, Portuguese East Africa, Transvaal and 
British Bechuanaland. 
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SPECIMENS EXAMINED: 


SOUTH AFRICA: Transvaal: Burtt-Davy 20248 (A*). Natal: Northern 
Zululand, Boocock in 1923 (A—3 sheets); The Doyle, Wilson in Jan. 1922 (A), 
Wilson in Feb. 1922 (A—2 sheets). Transkeian Territory: Mananza Forest, 
Mt. Ayliff, Cochrane in 1920 (K). Griqualand East: Buswayo Forest, 
Manina, Merwe Pret. For. Dept. Herb. 2268 (K), Merwe Pret. For. Dept. Herb. 
2269 (K); Instubani Forest, Fraser Pret. For. Dept. Herb. 62A (K), Fraser Pret. 
For. Dept. Herb. 2226 (K); Emkazeni For. Res., Household Pret. For. Dept. 
Herb. 1956; Waterfall Farm, Wilmot Pret. For. Dept. Herb. 2205 (K). Cape 
Province: East London, Kuntze in 1894 (K, NY); Queenstown Dist., Junction 
Darm., Galapin 8179 (K); King Williamstown Div., Kaffraria, Cooper 1297 
(+K); Alexandria Forest, Strauch 4137 (A); Somerset East, Boschberg, Burchell 
3174 (K), Burchell 3189 (K), MacOwan 1561 (+F, K, Ph); Albany Dist., Prior 
in 1848 (K), Dyer 3325 (K); Alicedale, Pulgram Pret. For. Dept. Herb. 2609 
(K); Uitenhage, Elon River, Drege 6184 (+Mo), Drege 1839 (K), Kamaehs, 
Long 1280 (K), eastern valley Blauberg, Smuts 852 (K), Swartkop River, Prior 
in 1847 (K), Eklon & Zeyher sn. (A, +F, tMo, UC); Humansdorp, Hankey, 
Fourcade 3319 (K), Klein River, Long 1350 (K); Ribeckscastle, Vleermuysdrift, 
Thunberg s.n. (tUPS); Outeniqua Mts., Montagu Pass, Rehmann 213 (+BM); 
Knysna, Kaymansgate, Drege in 1839 (K), Plattenberg For., Bowie s.n. (K), 
Wilson in 1922 (tA—S sheets, UC), Vandu Wats, Burchell 5293 (K), Setchell in 
1927 (UC), Mund & Maire s.n. (K), in 1840(?) (K) ; George Division, Gat River, 
Drege s.n. (K), Burchell 5761, 6068, 8909 (K). IN Care COLONY BUT WITH NO 
LOCALITY: Drege s.n. (t{Mo, NY), Prager 785 (+CAS), Anon. s.n. ex Scheid- 
weiler Herb. (+BR), Burchell 5245 (GH), Burchell 4652 (GH), Basil in 1865 
(NY), Anon. leg. M. & M. (ex HB. Rg. Br.) (GH, NY), Anon. s.n. (GH), 
Stewart sn. (K). No Locatity: Anon, ex Herb. A.N.S. (+Ph), Anon. 10.9 
(tMo), Anon. ex Herb. Jan Gen 840% ex Bernhardi Herb. (+Mo—4 elements 
on sheet), A. Brown in 1862 (+Mo), Anon. s.n. (BR), Molliana in 1833 (+BR), 
H.S. in 1834 (+BR), Anon. ex Gord. Herb. (K). 


CULTIVATED: Cape of Good Hope, “Hort. Daudin” 1851 (+DS in part); 
Natal, Kirstenbosch, Bolus in 1941 (+Ill); France, Riviera, Schneider in 1903 
(A), “Hort. Monac.” (BR in part); Italy, Rome, for Engelmann in 1870 
(+Mo), Naples for Engelmann in 1869 (+Mo); Brazil, Rio de Janeiro, Whitford 
27 (+F, GH, tUS); Australia, Bowman in 1921 (A); China, Hongkong, Chun 
5235 (+UC), Sargent in 1903 (+A). 


Podocarpus gracilior Pilger in Pflanzenreich IV. 5 (Heft 18): 71. 
1903, in Nat. Pflanzenfam. ed. 2, 13: 245. 1926; Battiscombe, Descr. 


* The following symbols indicate the herbaria having the specimens cited: 
Academy of Natural Sciences of Philadelphia (Ph), Arnold Arboretum (A), British 
Museum (BM), Brussels Botanical Garden (BR), University of California at 
Berkeley (UC), California Academy of Science (CAS), Chicago Natural History 
Museum (Field Museum) (F), Gray Herbarium (GH), University of Illinois 
Herbarium (Ill), Kew Herbarium (K), Missouri Botanical Garden (Mo), New 
York Botanical Garden (NY), Rutgers University Herbarium (NJU), Stanford 
University Dudley Herbarium (DS), United States National Herbarium (US), 
Uppsala Botanical Museum (UPS), Yale University Herbarium (YU). 

+ This symbol preceding the abbreviated name of an herbarium following the 
specimens examined signifies that the details of the leaves of this specimen have 


been examined in cross-section. 
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Cat. of common trees & woody plants of Kenya Colony 1. 1926; Florin 
in Svenska Vet.-Akad. Hand. ser. 3, 10 (1): 262. 1931; Chalk, Burtt- 
Davy & Desch, Forest trees and timbers of Brit. Emp. 1: 2a: A9S25 
Giordano in L’Alpe 24: 417. 1937; Buchholz in Madrono 6: 119. 
1941; Stapf in Fl. Cap. 5 (Sect. 2, suppl.): 13. 1933. 


This species differs from P. falcatus chiefly in its more restricted range 
in the forests of tropical Africa. Pilger differentiated it primarily by the 
larger male cones, 1.5—3 cm. long, its scales with acute apices (instead of 
obtuse), the more patent, fairly loosely arranged leaves, and the larger 
seeds, 12-20 mm. long. Stapf (16) finds the leaves mostly long tapering 
to a sharp point and narrower. He notes the similarity to P. falcatus and 
suggests that it may be only a geographical variety. 

Podocarpus gracilior is cultivated as an evergreen exotic in California and 
has been distributed widely in tropical-plant houses. The tree has been 
called P. elongatus, an error which was corrected by Buchholz in 1941 (3). 
At the same time several additional differences from P. falcatus were 
noted. Podocarpus gracilior has green twigs, the leaves are longer and wider, 
and the pollen cones are twice as long. 

In the description which Battiscombe (1) included with his listing of 
this species from Mt. Elgon in Kenya Colony, the small seed must be 
an error and % in. long was meant. 

DistTRIBUTION: Eastern Africa, on mountain slopes in tropical regions. 


SPECIMENS EXAMINED: 


ETHIOPIA: Addis Ababa, Armbruster in 1915 (K); Mt. Chillalo, Scott s.n. 
(K); Galla Pass, Gillett 5132 (K); West Sidamo, Drake-Brockman 205, Brock- 
man 244 (K); Djem-Djem Forest, Cooper s.n. (K); Kena Valley, Alafa, 
Cheesman 7445 (K); Chere, Quartin-Dillon & Petit 105 (K); Schimper 1160 
(TYPE) (K); Schimper 1539 (+BR); Mearns 92 (+BR); Roth sm. in 1841 
(K); Stordy sn. (K). KENYA: between the Oljoro-o-Nyon and Narok Rivers, 
Mearns 373 (+US), Mearns 382 (CU, +F, GH, NY—2 sheets), Mearns 1382 
(GH, NY); NW Kenya, Hutchins 400, 598 (K); Laikipia Plains, 20 m. from 
Kenya, Hutchins 399 (K); Coles Farm, Fries 801 (+BR, K); Myeri Dist., 
Decie in 1926 ({BM); Walenso, A. Donaldson Smith 217 (+BM); Mau escarp- 
ment, Wilson in Dec. 1921 (A—S sheets); beyond Londoni, Wilson in Dec. 1921 
(A—4 sheets); SW Kenya, Hutchins s.n. in 1906 (K); Nairobi Dist., Gardner 
1110 (K), Wilson in Nov. 1921 (A—4 sheets, 1 seedling), Wilson in Jan. 1922 
(A—2 sheets); Fuller 683 (A); Mettam in 1928 (DS); Curtis 901, 1071 (A). 
UGANDA: Kaburon, Mt. Elgon, Eggeling 2474 (K), Eggeling 2479 (+BR); 
Mt. Elgon, Lugard 64, 64a (K), Jackson 352a (K); Nandi & Ravine Dists., 
Johnston in 1900 (K); Eldoma Ravine, Johnston in 1899 (K), in 1900 (K), 
Whyte in 1898 (K); Mt. Debasien, Karamoja, Thomas 2953 (K); Masai 
County, Ty Kipia, Thomson in 1884 (K); Ruwenzori Exped., Scott-Elliott 6959 
(K). TANGANYIKA TERRITORY: Mt. Kilimanjaro, Gereragua, Zimmer- 
mann 1783 (K); Mt. Meru, Greenway 4434 (K); Kondoa Dist., Salanga Hill 
on Bereku Ridge, Burtt 10694 (K—2 sheets), Burtt 1070 (K—2 sheets), 
Kinyassi Mtn. Burtt 910 (K); Mt. Hanang, Nangwa, Greenway 7602 CKO 
Bukoba, Minsiro Forest, Wigg 303 (K). LocaLiry UNKNOWN: Burtt 1174 (+K 
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in part); ex Scheidweiler Herb. (BR); Anon. s.n. (+BR): Parker s.n. (A); 
Anon. s.n. (+Mo). 

CULTIVATED: Kenya: Nairobi Arboretum, Eggeling 3570 (K), Kirsten- 
bosch, Graham in 1941 (Ill). Tanganyika; Cons. Forests in 1932 (A, +BR, 
K, tMo, NY). Cameroons: Maclant 344 (K). Cape of Good Hope: ex Herb. 
John Miers (+ BM), Forest Nursery, Wilson in 1921 (A-seedlings). India: 
Dehra Dun, Raizada 5028 (K). Switzerland: Schneider in 1903 (A). 
England: Kew, Temp. House, Cook in 1937 (+Ill). U.S.: California, 
Rosecroft Gardens, Buchholz in 1941 (+Il]—2 sheets); Santa Barbara Bot. Gard. 
Moran 2529 (Dearing Herb., +Ill); San Diego, Wangenheim in 1941 (Ill); 
Pasadena, Coolidge Nursery, Buchholz in Jan. 1941 (A, Ill), in Feb. 1941 (A, 
Ill); Berkeley Bot. Gard. Nelson in 1941 (Ill—2 sheets); Santa Barbara, Van 
Rensselaer 1727 (Ill—2 sheets), 1801 (Ph). 


Podocarpus Dawei Stapf in Fl. Trop. Afr. ed. Prain, 6(2): 342. 1917; 
Florin in Svenska Vet.-Akad. Handl. Ser. 3, 10: 262. 1931; Chalk, 
Burtt-Davy & Desch, For. trees & timbers of Brit. Emp. 1: 23. 1932. 

A typical member of section 4frocarpus, it differs from P. falcatus, P. 
gracilior and P. gracillimus by the subglobose, chestnut-brown seed with 

inner woody layer 3 mm. thick. Chalk (5) also differentiates it from P. 

usambarensis, found in the same area, by the smaller leaves, but this be- 

comes a very doubtful criterion after noting the ecological variations in 
the latter species seen in the specimens and described in detail by Robyns 

(135). 


DistTRIBUTION: Tropical Africa, Uganda. 


SPECIMENS EXAMINED: 

Uganda: south Budda, near Kagera River, Dawe 961 (+K, Tyee); Podo, 
Mt. Debasien at Mareyo, Eggeling 2704 (+BR); Masaka, Katua, Eggeling 5566 
(K—3 sheets and seeds in alcohol) ; Kigezi Dist., Kayonso forest, Fyffe in 1928 
(K—2 sheets), Eggeling 4180 (K-seedling). Belgian Congo: near Matemba, 
between Lubango & Luofu, w. of Lake Edward, Chapin 264 (+NY). 

CULTIVATED: Uganda: Entebbe, Eggeling 5712 (with seeds in alcohol) 
(K), Eggeling 5711 (K). Natal: near Durban, Wood 3005 (+K). 


Podocarpus gracillimus Stapf in Fl. Trop. Afr., ed. Prain, 6 (2) 3a 
1917; Chalk, Burtt-Davy & Desch, For. trees and timbers of Brit. 
Emp. 12226, 1932-Stapt in FI.Cap, 5 (Secto2,suppl.)? 14. 1933: 

This species is represented primarily by a single specimen, Nelson 423 
from Transvaal, with small leaves (1.8—2.5 cm. long by 1—-1.5 mm. broad) 
and a seed 20 mm. in length. The leaf anatomy was inadvertently described 
by Laurent (8) in connection with his description of P. rostratus. We 
have examined a photograph of this specimen and a leaf from it, which 
shows, as he described, palisade parenchyma on both sides, sclerified 
fibers in the parenchyma and hypoderm in discontinuous groups, and 
indicates that it is amphistomatic. He also described three resin canals 
under the vascular bundle, but we are unable to verify this observation as 
we find only one in that position. If three resin canals do occur, it is the 
only member of Afrocarpus having them. Orr (11) says that it has the 
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largest vascular fibers, but these vary so much in size among all the species 
and even in a single section from a leaf that it is a doubtful diagnostic 
feature. 

In the statistical study of the abundance and form of the sclereids of the 
accessory transfusion tissue, it was found that these were by far the smallest 
and shortest, not exceeding 95, in length. 

In Stapf’s (16) later esimate of the status of P. gracillimus, it is a “very 
doubtful and incompletely known species. It may represent merely a state 
of P. gracilior, in which the reduction of the leaves and breadth character- 
istic of the fruiting stage has been carried to excess.” Sim (14) had pre- 
viously suggested this explanation. A similar state was collected by A. 
Whyte in the Eldama Ravine, Kenya, “along with typical P. gracilior.” 
Stapf adds Burtt-Davy 5083 as a possible example and we can include 
several specimens from American herbaria which are listed below. 

DISTRIBUTION: South Africa, in Transvaal and Natal. 


SPECIMENS EXAMINED: 

TRANSVAAL: Houtschberg, Nelson 423 (+K); NATAL: Zululand, Bal- 
landen 2925 (A—2 sheets); Wilson in 1922 (A). 

CULTIVATED: Transvaal, in Helpmakaar Arboretum, Burtt-Davy 20227 
(tA). 


Podocarpus usambarensis Pilger in Pflanzenreich VI. 5(Heft 18): 70. 
1903, in Nat. Pflanzenfam. ed. 2, 13: 245. 1926; Stapf in Fl. Trop. 
Afr. ed Prain, 6(2): 341. 1917; Dallimore & Jackson, Handb. Conif. 
57. 1931, 84. 1948; Florin in Svenska Vet.-Akad. ser. 3, 10: 262. 1931; 
Chalk, Burtt-Davy & Desch, For. trees & timbers of Brit. Emp. 1: 
23. 1932; Robyns in Inst. Roy. Colon. Belge, Bull. 6(1): 236. 1935, 
in Flore du Congo Belge et du Ruanda-Urundi 1: 5-6. 1948. 

Podocarpus falcatus Engl. in Pflanzenwelt Ostafr. C: 92. 1895. 


This species is distinguished by Pilger (12) and Chalk (5) from P. 
falcatus and P. gracilior by the thicker inner woody layer of the seed and 
from P. Mannii by the shorter leaves and smaller, more globose seed. How- 
ever, it closely resembles the two former species and Robyns (13) has 
given a very pertinent discussion (translated) of the status of this species: 
“It is true that P. usambarensis has an area of distribution more tropical 
than P. gracilior, that it is only described from Abyssinia, Uganda, or 
Kenya, but it is possible that these groups represent in reality two geo- 
graphic varieties of one and the same species. We note, moreover, that 
Stapf has shown that the diagnostic characters of P. gracilior and P. falcatus 
are confused and that it is reasonable, also, to consider P. gracilior as a 
geographical variety or the tropical form of P. falcatus. A comparative 
study of the three species in question will lead then, very probably, to their 
fusion into a single species, which should be called P. falcatus, according to 
the laws of nomenclature.” 

We would concur with Robyns in this matter and perhaps add P. 
gracillimus and P. Dawei to the series. However, we believe that P. 
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usambarensis can be distinguished by the large seeds even though this 
may not be a character of specific rank. Also the leaves usually seem to be 
stiffer and more abruptly pointed, not as falcate as P. gracilior. 

We have tried to confirm Orr’s (11) statements that the accessory trans- 
fusion sclereids are “more numerous and conspicuous here,” and that the 
hypoderm “‘has the appearance of being interrupted at greater intervals” 
and is in an “unbroken layer above and below vascular bundle.” We do 
not find these to be any more true in this than in the other species. 

DistTRIBUTION: Tropical Africa, in Belgian Congo and Tanganyika. 


SPECIMENS EXAMINED: 

BELGIAN CONGO: Lac Mokoto, Claessens 52 (+BR). RUANDA- 
URUNDI: Rubongera, Lestrade 2 (BR). TANGANYIKA: Kilimanjaro, 
north side, Schlieben 5129 (tex Berlin Herb. Florin, +BR, Ill, *YU); Mt. 
Usambara, Holst 2467 (+K); Kondoa Dist., Burtt 1069 (K—2 sheets), Burtt 
1174 (K). 

CULTIVATED: Tanganyika: Runjwa Dist., Davies, Dept. Agr. D211 
(+K); Jamaica: Cinchona, Nichols 167 (+F, GH, +Mo, NY, US, YU); Schwaby 
in 1943 (Ill); Buchholz in 1946 (+Ill); Chrysler 1460 (NJU); Scheidweiler s.n. 
(+BR). 


Podocarpus Mannii Hook f. in Jour. Linn. Soc. 7: 218. 1864; Pilger in 
Pflanzenreich IV. 5 (Heft 18): 70. 1903, in Nat. Pflanzenfam. ed. 2, 
13: 245. 1926; Henriques in Biol. Soc. Brot. 5: 216. 1887; A. Nobre 
in Boletim da Soc. Brot. 7: 115. 1889, in Pflanzenwelt Ostafr. C: 92. 
1895 (not Engl.); Stapf in Fl. Trop. Afr., ed. Prain, 6 (2): 341. 
1917; Seybold in Bot. Abh. 6: 49. 1925; Florin in Svenska Vet.-Akad. 
Hand. ser. 3, 10: 262. 1931; Dallimore & Jackson, Handb. Conif. 50. 
1931, 74. 1948; Chalk, Burtt-Davy & Desch, For. trees & timbers of 
Brit. Emp. 1: 23. 1932; Chevalier in Rev. Bot. Appl. 19: 411. 1939. 


This species has the largest leaves and seeds of any species in the group. 
The leaves are 12—16 cm. long by 7-11 mm. wide (shorter on flowering 
shoois), and the seed, narrowed at the base, solitary, is found up to 3.8 cm. 
long ona peduncle 2-3 cm. long. The auxiliary sclereids also reach the 
greatest length, 368y. 

Podocarpus Mannii is a rare species found native only on St. Thomas 
Island, cultivated in the forests of Cameroons and in California in Griffith 
Park. Herbarium specimens were collected in 1944 from 2 yr. old seedlings 
raised in this latter place from seeds obtained from Buenos Aires, pre- 
sumably from cultivated trees. 

DisTRIBUTION: Western tropical Africa, north of the Equator. 


SPECIMENS EXAMINED: 
WEST AFRICA: St. Thomas Island: Mann 1065 (type) (+GH—2 
sheets, +K—2 sheets), Spangler in 1897 (+BR), Exell 339 (+BR). 
CULTIVATED: Cameroons: Buea, Dartel 557 (A), Maitland 343 (K), 
Fairchild SPD74656 (K), Anon. 345 (K); California: Griffith Park, Buchholz 
in 1944 (+Il]—2 sheets). 
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THE MORPHOLOGY AND RELATIONSHIPS OF 
IDENBURGIA AND NOUHUYSIA 


I. W. BAILEY AND B. G. L. Swamy 
With two plates 


INTRODUCTION 


IN A PREVIOUS PAPER (5), we excluded Jdenburgia and Scyphostegia 
from the Monimiaceae. Since doing so, we have devoted considerable at- 
tention to additional investigation of the morphological characteristics of 
these peculiar genera, and to the problem of determining their relationships. 
It soon became evident that /denburgia is closely related to, if not actually 
congeneric with, Nouhuysia. In writing to Professor van Steenis for addi- 
tional material, we learned that he had a paper in press (7), in which he 
concludes that the two genera are identical and places the combination in 
a new tribe, the Nouhuysieae of the Guttiferae. He recognizes three dis- 
tinct species of Nouhuysia, N. papuana Lauterbach, NV. arfakensis (Gibbs) 
van Steenis and NV. pauciflora (A. C. Sm.) van Steenis; /denburgia novo- 
guineensis Gibbs, I. pachyphylla Gilg & Schlechter, and J. elaeocarpoides 
Gilg & Schlechter being reduced to synonymy with NV. papuana Lauterbach.! 

Upon the basis of our detailed study of the exomorphic and endomorphic 
characters of the vegetative and reproductive parts of Zdenburgia and 
Nouhuysia, we are in agreement with van Steenis regarding the identity of 
the two genera, but we question whether Nouhuysia actually belongs in the 
Guttiferae. Furthermore, there are questions regarding speciation within 
the genus that appear to need extensive investigation. It seems desirable 
accordingly to summarize salient features of the morphological and ana- 
tomical data that we have accumulated during the last few years. 


MATERIAL 


Our observations are based upon the examination of material from the 
following 25 collections of Nouhuysia and Idenburgia: 


Versteegh 1668 (type of N. papuana Lauterbach) ; Clemens 3828 (type 
of J. pauciflora A. C. Sm.), Kostermans 2217 [N. arfakensis (Gibbs) v. 
Steenis], 2198; Clemens 2240, 2422, 3122, 3978, 3978A, 4194A, 5122, 
5499b, 7023, 8754, 8835, 11134, 12353; Brass 11078, 12661; Brass & 
Versteegh 10472; Gibbs 5654; Neth. Ind. For. Serv. bb 24085, bb 25014; 
Pulle 647; Rutten 2240, 


1Since our manuscript went to press, we have learned through Dr. A. C. Smith of 
a paper by S. Hatusima (Bot. Mag. Tokyo 65: 107-111, 1952.) in which he likewise 
reduces Idenburgia to Nouhuysia. This paper is not available as yet in the libraries of 
Greater Boston. 
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STYLOIDS 


A significant criterion in all of the collections that we have examined is 
the occurrence of visible calcium oxalate dominantly in the form of styloids. 
Although the styloids vary markedly in size, attaining at times a length of 
350 microns and a breadth of 30 microns, their characteristic crystallo- 
graphic form is that illustrated in Fig. 6. They are square or rectangular 
in sectional view, and are formed more or less abundantly in the lamina 
of the leaves and tepals and in the cortex and secondary phloem of the 
stem and petiole. Furthermore, they may occur, at least in certain cases, 
in the pith of the stem, in the connective of the stamens and in the pericarp 
of the fruit. In leaves and tepals, aberrations of form due to twining or 
the development of more than one crystal in a single cell are statistically 
of relatively infrequent occurrence. Transitions to raphides, such as may 
be observed for example in certain of the Parietales and Rubiales, do not 
occur. Nor have we been able to detect the presence of mucilage in the 
crystal-bearing cells. Transitions to aggregates of smaller crystals or to 
druses do occur, however, at times in the phloem and pith of the stem, 
e.g. Brass 11078. 

In the lamina of the leaves and tepals — where the styloids commonly 
are large and have their major axis oriented parallel to the surfaces of 
the lamina — they are contained within cells that are markedly different 
from the surrounding cells and therefore appear to be idioblasts. Their 
outlines are visible in surface view ef herbarium specimens when boiled 
leaves and tepals are examined under an ordinary binocular microscope 
with adequately controlled surface illumination. It is significant in this 
connection that, in clearing dried leaves for detailed study of their internal 
structure in transmitted light, the styloids tend to disintegrate and may 
disappear under prolonged treatment in 3% sodium hydroxide at 52°C. 
Therefore, it is essential to verify observations based on cleared material 
by the examination of thin sections of tissues that have not been subjected 
to the action of either acids or alkali. 


LEAVES 


Although the simple, extipulate leaves with glandular-serrate margins 
vary considerably in size, in the form of their apex and in hairiness, they 
are characterized in all collections by having a fundamentally similar pat- 
tern of vasculature. Three independent and relatively widely separated 
vascular strands or traces at the trilacunar nodes of the stem, Fig. 10, enter 
the base of the petiole, where they aggregate in the characteristic vasculat 
configuration illustrated in Fig. 12. Thus, throughout most of the petiole 
and the midrib of the lamina the vascular tissues are distributed in the form 
of a trough with acutely inturned margins. The venation of the lamina 
is fundamentally pinnate and arcuate-reticulate in all cases. The veins and 
veinlets are more or less heavily jacketed with thick-walled fibers, and 
therefore tend to be embossed and conspicuous in dried specimens. The 
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stomata are of relatively constant size, form and structure, and are sur- 
rounded by ordinary epidermal cells, Figs. 8 and 9, no special subsidiary 
cells being formed in relation to them. The cell walls of the lower epi- 
dermis, as seen in surface view of the lamina, commonly tend to be con- 
spicuously undulate, Fig. 9, but this character is less constant than the 
preceding ones, Fig. 8. A much wider range of variability occurs, how- 
ever, in the cells of the mesophyll. The upper epidermis is subtended by 
palisade tissue, no hypodermal layer being formed in any of the leaves 
that we have examined. The palisade tissue is subtended by a small-celled, 
relatively compact form of spongy parenchyma, the rest of the mesophyll 
being composed of larger cells with more extensive intercellular lacunae. 
The cells of the palisade commonly are distributed in a single layer, but 
more than one such layer is encountered in certain cases, viz. Brass 11078 
and Brass & Versteegh 10472. The cells may be slender and typically 
elongated (Kostermans 2198, Brass 12661) or they may be short and 
poorly differentiated from the subtending compact form of spongy meso- 
phyll (Clemens 3828, 3978). The cells of the spongy mesophyll in com- 
parable parts of the lamina vary in size and form from one collection to 
another. They may be thin-walled throughout the lamina, thin-walled with 
occasional sclerotic modification, Fig. 2, a mixture of thin-walled and thick- 
walled, or prevailing thick-walled, Figs. 1 and 7. Similarly, the cells that 
jacket the veins and veinlets may be either thin-walled or thick-walled. 
The intercellular lacunae also vary markedly in size, compare Figs. 1 
and 7. 


STEMS 


The fundamental structures of the stem, viz. pith, xylem, phloem and 
cortex, are remarkably similar in all collections that we have examined, 
such minor differences as occur being of a quantitative, rather than of a 
qualitative, nature. The most significant diagnostic criteria, other than 
the occurrence of styloids particularly in the phloem, are the primitive 
structure of the xylem and the character and distribution of the scleren- 
chymatous cells in the cortex. 

The secondary xylem is formed by a primitive type of cambium having 
long fusiform initials with extensively overlapping ends. The vessels are 
slender, thin-walled and angular, Fig. 13, and are distributed either singly 
or in occasional radial clusters. The vessel members are long with exten- 
sively overlapping ends and with unusually numerous scalariform perfora- 
tions, Fig. 14. The pitting between vessels in lateral contact is scalariform 
and transitional to opposite, as is that between vessels and parenchymatous 
cells. The more slender vessel members closely resemble scalariformly 
pitted tracheids and exhibit transitions between imperforate and perforate 
scalariform bordered pits. The fiber tracheids have numerous pits with 
conspicuous borders in both their radial and their tangential walls. The 
orifice of these pits may be included, slightly extended, or much extended 
by cracking of the secondary wall. The distribution of the wood paren- 
chyma is apotracheal-diffuse. The rays are conspicuously heterogeneous, 
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the uniseriate ones being composed of very tall erect cells, and the biseriate 
and triseriate ones of lower cells which tend to become procumbent in the 
outer wood of older stems, Fig. 13. 

There is a more or less compact zone of thick-walled fibers in the so- 
called pericyclic layer of the stem. This is jacketed by a broad zone of 
cortical sclerenchyma, composed of large cells of somewhat irregular form 
and orientation. These cells, although of a sclerenchymatous nature, are 
characterized by having relatively thin, lignified walls and unusually large 
lumina. 


FLOWERS AND FRUITS 


The floral morphology of the various species of Jdenburgia as well as 
of Nouhuysia papuana conforms to a similar plan with little variation. The 
exomorphic characters of the tepals, stamens, pistil and fruit have been 
described and adequately illustrated by Gibbs (2), Gilg and Schlechter 
(3), and van Steenis (7). The chief variable factor appears to be in the 
number of stamens present in a flower, J. arfakensis with six standing at 
one extreme and J. elaeocarpoides with 10-13 representing the other ex- 
treme. Jdenburgia pauciflora has flowers decidedly of smaller size in rela- 
tion to other species of the genus and is distinctive in the possession of 
profuse dense tomentum on both its vegetative and reproductive parts. 

The vasculature of the flowers also presents a rather stabilized pattern 
in the two genera. The median vascular strands, Text-fig. 3, md, of the 
two pairs of decussately arranged tepals are derived directly from the 
axial cylinder; the marginal veins, mr, of the adjacent tepals, however, 
are formed by four commissural strands, com. Stamens, st, receive a single 
strand each of which broadens slightly while traversing the connective. 
The remainder of the vascular tissue of the axis, consisting generally of 
eight to 12 strands, supplies the gynoecium, g. Two of these strands fuse 
together to form the “ventral” vein which runs vertically in the tissue 
separating the two locules, v in Text-figs. 2 and 3, and finally bifurcates, 
each branch supplying one ovule. The other strands of the gynoecium 
traverse the ovary wall and in the region of the stigma undergo consider- 
able proliferation and anastomosis, Text-fig. 2. ) 

The gynoecium in all the species of Jdenburgia and in Nouhuysia exam- 
ined by us is bilocular, lodging a single anatropous ovule in each locule, 
Text-fig. 1. The funicle is rather massive and characteristically papillose 
externally. Generally both ovules develop to produce two-seeded fruits. 
In certain collections, however, single-seeded fruits have been described 
(3,6). An examination of such specimens has revealed that this condi- 
tion is due to a failure of one of the ovules to develop to maturity. The 
seed structure of the two genera under consideration are remarkably alike, 
the most noteworthy feature being the pronounced centripetal ruminations 
of the stony layer of the seed, Fig. 11. 
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Fic. 1. Gynoecium of /denburgia cut longitudinally to expose the ovules. 
Fic. 2. Longitudinally cut half of the gynoecium of /denburgia showing the pat- 
tern of vasculature. v = ventral vein. Fic. 3. A generalized vascular diagram of 
the flower of Jdenburgia. com: = commissural strand; g = gynoecium; it = 
inner tepal; md = median strand; mr = marginal strand; ot = outer tepal; 
st = stamen; v = ventral vein. 
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POLLEN 


Erdtman is quoted by van Steenis as stating that the pollen of Koster- 
mans 2198 is 3-porate, oblate (14.5 & 20.5), with an exine 1.5 in thick- 
ness, pattern + obscure. We have examined the pollen from eight dif- 
ferent collections. Gibbs 5654 and Kostermans 2198 are characterized by 
dominantly oblate, 3-porate pollen, Fig. 3, with a minor admixture of 
4-porate grains. The inner exine is greenish and highly refractive in lactic 
acid and the outer exine exhibits a barely detectable sculpture in surface 
view. The pollen of Rutten 2240 is similar but differs in being dominantly 
4-porate with a minor admixture of 5-porate grains. Clemens 3828 (type 
of I. pauciflora A. C. Sm.) is dominantly 3-porate but differs in its con- 
spicuously smaller size. Kostermans 2217 (J. arfakensis Gibbs) and 
Clemens 2422 have a conspicuously granular-reticulate outer exine in sur- 
face view, the former being prevailingly 3-porate, and the latter 4-porate 
and conspicuously smaller, Fig. 5. In marked contrast to the pollen of 
these collections, is that from Brass 12661 and Clemens 54996 which is 
inaperturate, spherical and much larger, Fig. 4. It is significant, however, 
that ail of the various forms of pollen are characterized by having a rela- 
tively thick, conspicuously hyaline inner exine. 


DISCUSSION 


The combination of exomorphic and endomorphic characters of both 
the reproductive and vegetative parts is closely similar in all collections, 
and there can be no doubt that Jdenburgia and Nouhuysia are congeneric. 
Such morphological variations as occur tend to intergrade more or less 
extensively, NV. pauciflora (A. C. Sm.) van Steenis being at one extreme of 
variability, for example in hairiness, and NV. arfakensis (Gibbs) van Steenis 
in leaf form. When these specimens are excluded as easily recognizable 
species, the remaining collections of Noukuysia present a problem of con- 
siderable taxonomic difficulty. Should all of them be assigned to one 
variable species, NV. papuana Lauterbach, as concluded by van Steenis, or 
should additional species be segregated as attempted by Gibbs and by 
Gilg and Schlechter? 

Unfortunately, such conspicuous differences in the internal structure of 
leaves as those illustrated in Figs. 1, 2 and 7 are at present of questionable 
utility. The structural differences between sun-leaves and shade-leaves 
of the same plant and between leaves of plants growing in moist, as con- 
trasted with arid, environments are known to be considerable. Therefore 
extensive additional collections must be made in order to determine whether 
such foliar structural differences are due to genetic factors or merely to 
the effects of varying environmental factors. It is significant in this con- 
nection, however, that the differences in pollen morphology, illustrated in 
Figs. 3 and 4, exceed the limits of variability that may be anticipated 
in a single species. Unfortunately, owing to the limited number of avaii- 
able collections with mature pollen, it is not possible at present to 


1953] BAILEY & SWAMY, IDENBURGIA AND NOUHUYSIA 83 


establish valid correlations between differences in pollen morphology and 
other diagnostic criteria. 

Although the available material is inadequate for a satisfactory solution 
of the problem of speciation within Noukuwysia, it provides a summation 
of evidence that is significant in any discussion of the relationships of the 
genus. That the genus does not belong in, or in close relationship to, the 
Trimeniaceae or Monimiaceae is indicated by fundamentally significant 
morphological and anatomical differences in all of its organs. “Ethereal 
oil cells,” which occur so characteristically throughout the Monimiaceae 
and the Trimeniaceae, are absent, as are large mucilage cells of the type 
which are a significant diagnostic criterion in Trimenia and Piptocalyx. 
Crystallization of calcium oxalate in the form of styloids, which is so typical 
of Nouhuysia, is alien to the Monimiaceae and allied families. Further- 
more, the genus has a dominantly trilacunar nodal anatomy in contrast to 
the unilacunar structure which occurs throughout the Monimiaceae, Lau- 
raceae, Gomortegaceae, Trimeniaceae, Amborellaceae and Austrobailey- 
aceae. In addition, the pollen morphology of Noukhuysia is fundamen- 
tally unlike that of these families. Although Trimenia, Piptocalyx and 
many genera of the Monimiaceae have retained a relatively primitive form 
of secondary xylem, they exhibit a tendency for the elimination of wood 
parenchyma and for the formation of septate fibers that is absent in 
Nouhuysia. The similarities in the flowers are superficial. The form and 
particularly the vasculature and other internal structures of the tepals, 
stamens and pistil of Nouhuysia prove upon detailed examination to be 
fundamentally different from those of Trimenia and Piptocalyx. 

Similarly a summation of available evidence appears to exclude Nou- 
huysia from close relationship to the Guttiferae. The genus lacks the 
schizogenous secretory receptacles and the subsidiary cells oriented parallel 
to the guard cells of the stomata that are such characteristic diagnostic 
features of that family. The xylem is at a conspicuously more primitive 
level of structural specialization. Furthermore, the trilacunar nodal struc- 
ture is alien to the Guttiferae which are dominantly unilacunar. In addi- 
tion, styloids are not known to occur in the Guttiferae whose form of 
crystallization is of a different type. Nor have outstanding similarities 
in the reproductive parts been described which might be interpreted as 
neutralizing such significant differences. 

As in the case of Calyptosepalum, discussed in another paper (1), 
Nouhuysia exhibits a combination of reproductive and vegetative charac- 
ters that negates its inclusion at present in any existing family. It appears 
to be another of the numerous relics of an ancient woody dicotyledonous 
flora that have survived in New Guinea, New Caledonia, Fiji and adjacent 
regions. What to do with such genera as they successively come to light 
is a problem of major taxonomic importance. When thoroughly investi- 
gated, they promise to reveal much new evidence regarding the morpholog- 
ical characteristics of primitive angiosperms, and, therefore, should not be 
relegated to a position where they become lost from view. To refer them 
at once to existing families not only tends to conceal them, but also is 
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extremely misleading in many cases. Lauterbach’s (4) brief description 
and premature reference of Nouwhuysia to the Guttiferae is undoubtedly 
responsible in part for the genus being overlooked and for the description 
of subsequent collections as species of a new genus, viz. Idenburgia. 

Past experience with relic genera, e.g. Casuarina, Degeneria, Himantan- 
dra, Amborella, Trochodendron, Tetracentron, Euptelea, Illictum, Cercidi- 
phyllum, etc., indicates that many, if not most, of them will have to be 
placed eventually in separate families, regardless of the results of such a 
procedure in multiplying the number of small families. This should not 
be attempted, however, until adequate collections of material are available 
for detailed and coinprehensive investigations of all parts of the plant or 
until there is a summation of evidence which justifies the exclusion of a genus 
from existing families and the establishment of a new one. In the meantime, 
it appears wiser to place such relic genera in a special category of plants 
of uncertain or undetermined affinities comparable to the Fungi Imperfecti 
of mycologists rather than to continue to toss them about from one exist- 
ing family to another as is commonly done at present. 

Certain relic genera, when thoroughly studied, prove to be related to 
existing families, e.g. Degeneria and Himantandra to the Magnoliaceae or 
Amborella, Trimenia, Gomortega and Austrobaileya to the Monimiaceae 
and Lauraceae, and therefore may justifiably be placed in independent 
families in close proximity to them. Others, e.g. Casuarina, Cercidiphyllum, 
Euptelea, Trochodendron and Tetracentron, appear to be relics of more 
remotely related plants having no close surviving relatives and had best 
be retained in a general category of uncertain affinities, at least until their 
true relationships are revealed by paleobotanical evidence. 

The genus Nouhuysia belongs for the time being at least in such a cate- 
gory of plants of uncertain or undetermined affinities. 
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EXPLANATION OF PLATES 


PLATE I 


Fic. 1. Clemens 5499b. Cleared leaf, showing large intercellular spaces in 
the mesophyll and heavy thickening of the walls of its constituent cells, X 150. 
Fic. 2. Clemens 12353. Cleared leaf, showing thin-walled mesophyll and scat- 
tered sclereids, X 150. Fic. 3. Kostermans 2198. Oblate, triporate pollen, 
xX 440. Fic. 4. Brass 12661. Spheroidal, inaperturate pollen, « 440. Fic. 5. 
Clemens 2422. Oblate, tetraporate pollen, X 440. Fic. 6. N.J.F.S. bb. 25014. 
Cleared leaf, showing styloid, X 150. Fic. 7. Kostermans 2198. Cleared leaf, 
showing thick-walled mesophyll and relatively small intercellular spaces, < 150. 


PEATE et 


Fic. 8. Kostermans 2198. Cleared leaf, showing stomata and form of the sur- 
rounding epidermal cells, < 310. Fic. 9. Brass 12661. Cleared leaf, showing 
stomata and form of the surrounding epidermal cells, 310. Fic. 10. Clemens 
3978. Transverse section of the stem at the level of a trilacunar node, X 11. 
Fic. 11. Clemens 2240. Transverse section of a fruit with two seeds, x 5. 
Fic. 12. Clemens 3978. Transverse section of the mid-vein of the leaf, showing 
form of vascular tissues, X 19. Fic. 13. Clemens 2422. Transverse section of 
the secondary xylem, X 40.. Fic. 14. Clemens 2422. Radial longitudinal section 
of the xylem, showing the scalariform perforations, X 150. 
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THE VEGETATION ON COASTAL DOGTOOTH LIMESTONE 
IN SOUTHERN CUBA 


Ricuarp A. Howarp AND WINSLOW R. Briccs 


With One Plate 


ONE OF THE GEGLOGIC FEATURES of the southern coast of Las Villas 
province in Central Cuba is an uplifted bench of weathered limestone 
known in Cuba as diente de perro or dogtooth limestone. The name 
describes well the lacerated, sharp-edged, hard, metallic-ringing limestone 
rock (Pu. I, Fic. 1). Similar formations exist in a few other spots in Cuba, 
on the islands off Haiti and the Dominican Republic, and near Ponce in 
Puerto Rico; but they appear to be found principally on the southern 
coasts. They are missing in the Lesser Antilles and Jamaica, and are not 
comparable to the limestone formations of the Bahamas. The formation 
is covered with a tree and shrub vegetation which has never been described 
adequately. Gleason and Cook (Scientific Survey of Puerto Rico and the 
Virgin Islands 7: 158. 1927) describe briefly a “xerophytic forest” on the 
Ponce limestone. Ekman (Ark. for Botanik 22A(16) : 4. 1929) lists the 
components of this vegetation as found on Navassa Island. The senior 
author has considerable unpublished data for the vegetation of Beata 
Island, off Hispaniola, which is also growing on dogtooth limestone. These 
four areas seem comparable in aspect of the vegetation and substratum, 
but the floristic composition of the vegetation is different in each case. 
The present paper records the elements comprising the predominantly 
woody vegetation on the dogtooth limestone in Cuba. 

Coastal exposures of dogtooth limestone are found in Las Villas province 
on either side of the entrance to Cienfuegos Bay. The exposures, paralleling 
the coast, extend east from Punta Caballos to the mouth of the San Juan 
river, and west from Castillo de Jagua to the edge of the Cienaga de 
Zapata. The flora in this area has been collected by several botanists in 
the past few decades. John George Jack of the Arnold Arboretum collected 
intensively during the late 1920’s in the region discussed in this paper, but 
he failed to leave any significant notes on the composition of the woodland 
formation. Combs (Trans. Acad. Sci. St. Louis, 7: 393-491. 1897) studied 
the area west of Cienfuegos Bay, primarily around Castillo de Jagua, but 
he too failed to describe the vegetation. Ekman apparently never visited the 
area during his work in Cuba, and Leon and his associates have not de- 
scribed it. 


The area selected for study is a portion of the Gavilan tract owned by the 
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Central Soledad. It is west of the Rio Gavilan and east of Punta Lobos 
and the mouth of Cienfuegos Bay. The specific area is known locally as 
the Potrero Seboruco and is adjacent to the small Playa de Gavilan. 

The south coast of Las Villas province in this area has an undulating 
shoreline. In a very few of the embayments are sandy beaches. The major 
portion of the shoreline consists of limestone benches slightly below, at, or 
slightly (1-3 feet) above sea level. The benches represent a relatively 
small vertical land adjustment of recent origin. When exposed they are 
covered with a low shrub growth, littoral in nature, consisting of Rachicallis 
americana, Strumpfia maritima, and Conocarpus erectus. Directly behind 
this coastal formation is a sharply uplifted block of limestone of Miocene 
age. It is the vegetation of this block that is considered in the present 
paper. The average uplift appears to be between 15 and 25 feet. The 
southern edge of the block is wave cut, with a series of erosion caverns 
indicating that the area, within relatively recent time, was at the sea margin. 
The uplifted limestone block dips slightly to the north, and ends in an open 
lateritic plain of reddish soil with a savannah type of vegetation. 

The limestone block parallels the coast, and the region studied is 
approximately one-half mile wide. The formation has been cracked by 
subsequent land movements. Some of the larger sections are flat-topped, 
perfectly smooth and show little sign of weathering except at the fractures. 
At the coastal margins, however, sections of the block are severely cracked 
and show both large and small chasms, narrow and wide, extending down 
to sea level. One chasm (PL. I, Fic. 2) is 150 feet long and 25 feet deep and 
averages 25 feet in width. In this chasm a shallow lake of brackish water 
has developed. The bottom of the shallow lake is of soft debris and muck, 
and it was impossible to walk in it. 

The smaller sections of the main block, especially those at the southern 
edge, are severely weathered with each section rounded to the middle 
(Pu. I, Fic. 1). The rock is extremely hard and the results of weathering 
have been peculiar. A matrix of extremely sharp and hard ridges and spines 
has been developed (Pu. I, Fic. 1). According to Lewis (Amer. Assn. 
Petr. Geol. Bull. 16: 533-555. 1932) this weathering is not due to the 
erosion of a softer rock from a harder matrix, as the rock is essentially 
homogeneous, but rather due to extremes of temperature, humidity, and 
rainfall, external physical conditions. Loose fragments of the rock will 
ring with a characteristic metallic sound when struck. Footing is treach- 
erous on these naked sharp ridges, and the name “dogtooth limestone” 
for such an area is well deserved. Similar lacerated surfaces are found 
only on the edges of the larger fracture blocks. 

The entire surface in this area can be described as naked rock. The mass 
is so cracked and weathered into a porous structure that only rarely have 
very small, cup sized pockets of soil accumulated. The leaves and branches 
present on the surface are dry and no humus has been formed. However 
inhospitable the area seems, the limestone block is covered with a shrub 
and tree vegetation. In most areas this vegetation is open. The trees 
average 35 feet in height and are unbranched for the first 15 feet. The 
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boles are thick and massive for the heights of the trees, and are generally 
crooked. The crowns are symmetrical and the effects of the wind have not 
caused the lopsided growth expected in coastal vegetation. The shrub 
vegetation is approximately 12 feet in height, usually densely branched 
and predominantly spiny. Herbaceous vegetation is almost entirely lacking 
and no ferns were seen. Shade loving plants are conspicuously absent 
under the thin and open canopy. Epiphytes are relatively abundant but 
only members of the Bromeliaceae were found. Vines are few but the 
individual plants are usually extensive. 

Root development of all plants found on the dogtooth limestone is con- 
spicuous, perhaps because one is not accustomed to seeing the roots of 
tropical trees. Unless the plants are growing in or near a rock chasm the 
roots usually crawled along the surface to a distance greater than the 
radius of the crown before penetrating into cracks in the rocky substratum. 
The trees seem to be successful in such an area because the roots are able 
to penetrate to a depth where moisture is available. 

In order to determine accurately the composition of this vegetation we 
ran a transect through the vegetation on the limestone outcrop. The senior 
author ! had surveyed the region several years before in order to determine 
the most undisturbed locality and to learn the nature of the flora. Several 
survey trips were made before and after the date of the transect to ascertain 
the extent to which the transect was typical. It was determined that the 
area studied was characteristic of the vegetation occurring on the lime- 
stone, and that relatively few more species were to be expected than were 
seen on the transect. 

The transect made was 880 vards long and 2 yards wide. Every plant 
within this strip, the area of which is 4% acre, was counted. Stem diameters 
of all woody species were determined at breast height. 

The vegetation of the transect area consists of 74 species and 521 indi- 
vidual plants, excluding only the epiphytes and parasites. The detailed 
composition is shown in the following table: 


species 29.7% of total — 231 individuals 44.3% of total 


irees:. 22 
35 species 47.2% of total — 224 individuals 42.9% of total 


Shrubs: 


Herbs: 9 species 12.1% of total —. 30 individuals 5.7% of total 
Vines: & species 10.8% of total — 36 individuals 6.9% of total 
Total: 74 species 99.8% 521 individuals 99.8% 


While shrubs dominate the area from the standpoint of the number of 
species involved, the trees are slightly more significant from the standpoint 
of number of plants. The herbaceous species, vines, and epiphytes make 


up a relatively unimportant aspect of the vegetation on the dogtooth lime- 
stone. 


* The authors are grateful for the assistance of the other members of the course 
in Tropical Botany of Harvard University who helped on this survey. Special apprecia- 
tion is acknowledged for the suggestions and help of Mr. Earl E. Smith in the 


recording method used. They also wish to thank the management of Central Soledad 
for permission to study the area. 
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The trees were tabulated for their frequency and size. All trees with a 
trunk diameter of less than three inches were considered together. Any 
plant with an unbranched bole of ten feet was considered to be a tree 
possessing a potentially useful log. Casearia sylvestris, represented by 
three specimens, and Forestiera laevigatus by one specimen, have the 
necessary length of trunk but none of the specimens exceed three inches 
in diameter at breast height. One large specimen of Ficus laevigatus 
defied classification in possessing multiple trunks, several of which were 
eight inches in diameter. A lone specimen of Ceiba pentandra towers over 
the rest of the trees on this limestone and has a trunk diameter of 36 
inches; however, the wood of the Ceiba is considered worthless. The 
remaining 18 arboreal species are listed in the following table, in order of 
their frequency of occurrence. All size figures represent diameters at breast 
height. 

It can be seen from the table that Hebestigma cubensis and Torrubia 
discolor are the only potential timber trees in the transect. Gymnanthes 
lucida, Cordia Gerascanthus, and Leucaena glauca appear to be the only 
trees secding themselves, as indicated in the number of saplings en- 
countered. None of the species in the above list is currently considered 
valuable as a timber tree. 

The shrubs of the transect have trunks less than six feet long to the first 
branch, or are characteristically bushy in appearance. They comprise the 
following species. The number of individuals counted in the transect 
follows each species. 


Erythroxylum areolatum WE Lantana reticulata 4 
Argythamnia candicans 28 Leucocroton microphylla 3 
Pithecellobium Hysterix 15 Capparis flexuosa 3 
Cordia globosa 14 Schaefferia frutescens 3 
Croton lucidus 14 Malpighia cubensis 

Hyperbaena racemosa 13 Guettarda elliptica 

Acacia farnesiana 10 Erythroxylum rotundifolium 
Duranta repens 7 Plumiera obtusa 3 
Capparis Grisebachii 5 Randia spinifex 2 
Boerreria succulenta + 


Single specimens of the following species were found: Citharex;lum 
spinosum, Amyris elemifera, Boerreria virgata, Caesalpinia glaucophylla, 
Phyllanthus neopeltandrus, Guettarda Combsii, Bumelia glomerata, Guaia- 
cum sanctum, Savia sessiliflora, Comocladia dentata, Guetturda calyptrata, 
Anthacanthus tetrastichus, Pluchea odorata, Rhacoma Crossopetalum, 
Celtis iguanaea, and Morinda Royoc. 

Erythroxylum areolatum dominates the shrubs in the transect area. The 
plants of this species average eight feet in height and fruit heavily. They 
usually occur in groups. It is probable that birds are responsible for the 
dispersal of the red-colored fruits. Argythamnia candicans, generally a 
3—4’ woody shrub, is represented by hundreds of seedlings. The fruits of 
this member of the Euphorbiaceae are elastically dehiscent. Argythamnia 
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is the only plant that appears to be spreading rapidly. Comocladia dentata 
is more abundant outside of the transect area, particularly in the inland 
lateritic soil zone. Celtis iguanaea is represented by one shrub, rooted far 
down in one of the larger chasms and climbing on the limestone rocks 
before scrambling into the tree tops. Some of the branches of this plant 
are 2” in diameter and reach a length of 25 feet. 

The herbaceous plants and cacti are represented by nine species. 
Hibiscus pilosus is most abundant with individuals counted. Setaria 
distantiflorum, represented by three individuals in the transect area, is 
growing on very small pockets of soil in the dogtooth limestone. Ayenia 
pulsilla, Acalypha chamaedrifolia and Portulaca pilosa are all on the 
limestone, but only single individuals were seen. Sterile plants of H arrisia, 
Selenicereus, and Cephalocereus were found. Opuntia Dillenii is represented 
by one flowering and fruiting plant which forms an extensive sprawling 
mass. 

Of the eight species of vines in the transect area Stigmaphyllon Sagraea- 
num is the most abundant with fifteen individuals counted. Serjania 
subdentata was found nine times, and Triopteris rigida and Passiflora 
suberosa four times for each. Two extensive plants of Acacia tenuifolia, 
a viciously spiny species were found, and single specimens of Urechites 
lutea, Gouania polygama and Tournefortia peruviana. 

One parasite, Phthirusa purpurea was found growing on Tabebuia 
pterophila. Three species of Tillandsia were the only epiphytes seen. 
These plants are numerous and were not considered in the transect count. 
Tillandsia fasciculata is the most abundant, while 7. flexuosa and T. 
tenuifolia are infrequent. 

In an area such as the dogtooth limestone, where soil cover is lacking, 
moisture penetration is high, the canopy thin, and the temperature high, 
ev oration and transpiration are assumed to be critical factors in the 

ynment. Various morphological specializations are expected in plants 

dle of living in such an environment. These specializations are gen- 
t:auy expressed in reduced total leaf surface, microphyllous leaves which 
are usually associated with the presence of spines, thick cuticles, and ilicioid 
leaves. If the leaves are large, they usually have soft laminal tissues and 
are apt to wilt and droop easily. Of the species found in this area, five of 
the .trees, five of the shrubs, and one of the vines possess microphylls. 
Such leaves are generally of hard thick tissues. Spines, either modified 
branches or of stipular origin, are found in one of the trees, seven of the 
shrubs and one of the vines. Ilicioid leaves occur in one species of the trees 
and one of the shrubs. The wilting habit was especially obvious. On the 
hot sunny day when the transect was made nearly 50% of the broad leafed 
species appeared to be in a wilting condition. 

Exact rainfall data for this specific area are not available. The site is 
to the west of the normal path of rain storms from the Trinidad-San Juan 
mountains. The rainfall is probably in the range of 30-35 inches, which 
is commonly regarded as insufficient, in the Caribbean area, to support 
other than a thorn-shrub type of woodland. The lack of surface accumula- 


94 JOURNAL OF THE ARNOLD ARBORETUM _ [VvoL. XxxIv 


tion of soil and moisture may account for the lack of herbaceous plants 
and the deep penetration of the roots of the shrubs and trees. 

It is probable that the woody vegetation found on the dogtooth lime- 
stone is a fairly stable type for this habitat under existing environmental 
conditions. While the sea side cliff development indicates former proximity 
to the Caribbean Sea there is, at present, no indication of the littoral or 
halophyte shrub vegetation characteristic of the low limestone coastal 
formations in Cuba. 

The current vegetation of the area meets the description of a thorn 
woodland proposed by Beard (Ecology 25: 140. 1944) but does not fit 
into any of the fascies he suggested. In general aspect it agrees with the 
descriptions published by Ekman for the dogtooth limestone areas of 
Navassa Island, and by Gleason and Cook for the Ponce limestone. In 
floristic composition and species dominance, however, it is quite different. 
Ekman described the forests of the dogtooth limestone of Navassa Island 
as “low, the trees are stunted, though often with thick trunks. Characteris- 
tic of Navassa is the small number of species involved. Only four species 
of trees could be labelled as common, to wit, Ficus populnea, Sideroxylon 
foetidissimum, Coccoloba laurifolia, and Metopium Brownei. Scatter occur: 
Pseudophoenix navassana, Bumelia navassana, while Fagara martinicensis 
and Colubrina feruginosa are rare. Shrubs are few, e.g. Pisonia discolor var., 
Schoepfia obevata, and Duranta erecta, while vines and epiphytes are nearly 
absent.”” (Ark. for Botanik, 22A (16): 4. 1929). 

Gleason and Cook (Sci. Surv. Puerto Rico and Virgin Is. 7: 158. 1927) 
report the composition of the ‘‘xerophytic forest” on the Ponce limestone as 
follows: “Trees, Bursera simaruba, the commonest trees, Bucida buceras, 
Ficus laevigatus, Amyris elemifera, Capparis cynophallophora, and Pisonia 
albida. Rare or scattered trees of Guaiacum officinale and Tabebuia 
heterophylla, The shrub layer comprises a large number of species of 
which Lantana involucrata, Coccolobis laurifolia, Helicteres jamaicensis 
seem to be the most abundant. Other common species are Moluchia 
tomentosa, Croton rigidus, Croton lucidus, Exostema caribaeum, Varronia 
angustifolia, Savia sessiliflora, Pithecellobium Unguis-cati, Ricinella 
Ricinella, Eugenia ligustrina, Eugenia buxifolia, Schaefferia frutescens, 
Hypelate trifoliata, Reynosia uncinata, Samyda dodecandra, Citharexylum 
fruticosum, Plumeria alba, Adelia Bernardia, Krugiodendron ferreum, 
Elaeodendrum xylocarpum, Comocladia Dodonea, Canella Winteriana, 
Jacquinia Berterti and Tournefortia microphylla.” 

A comparison of the list of plants found on the Las Villas dogtooth 
limestone to those listed above by Ekman and by Gleason and Cook 
emphasizes the similarity of aspect among the dogtooth limestone floras as 
well as the differences in species and dominants comprising them. 
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EXPLANATION OF PLATE 


Fic. 1. The face of one of the smaller chasms in the Gavilan dogtooth lime- 
stone showing the many cracks and the eroded surface with sharp projections. 
Frc. 2. A larger chasm in the limestone block showing a shallow brackish lake. 
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